


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1986 


Survivability considerations during aircraft 
conceptual design 


Gilman, Robert John 


http://ndl.handle.net/10945/22138 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 


/ (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

; | LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 














aeteoe 
argos OY ee eer 
See OTT : ar ce 
to aot et AGON® At DB F Sanat ey a OR TN 
Sucteeamnelstan hoses eee rer eee pyre = oe oat Ms 
me As eRe OOP HEA peneray ree tga pereeW AR SAO we) Ree genet a 24) wea = 2 OE ey ttd al OE kell dl A 
ery PET nee teh ire a eee a Sana re CP THOTT aoe q gare FPO ays = 
0 en rceeene f = Adee SCR BY Yad : che De it Ftd UPS Ge Ate 8 PRS Soc i PD Ap Geral md Paw arte * * i ie = Saw ae wate Fs SS be . ca wrt Milip* & 
+ ree TORT Te Ashe pa eee OO A entets yp Be both ners ee Re eNO eater oe i inate pe rath cs oe = AFD 1 fe < Vy P oe he P. sen = ertettet Soe Meets FS | fe, FG Tech Ast 
a.enaset rear wy SS ee PER eT eee hy Se he et tee A , Tats, ae dente neo pe ee VR ad aN ey OE Fn pile Me Gee e 
arery ae ‘ nee 0 Oo AP ncaa BN HN Saar my Bamadr. be NAA got ade ea fe ae bee wo ety #2! MMe pots = ae oe a t) ¢e og 88 Aan ge SS Sat ate Re ee Ny: ot), ae bets YSN 
ri 0 ee ee nech sted A etre Te nr eC Pea o$n.@ WA het Wat WK spre eo ae ah - ww a epy wae ane @ newts 8. Ser Or ! oe Os, ‘) ° ven bie teeny ete fits» en Oa Be Rah ee 8, th bal 
) ct ta Oe acumen ee ‘Antal @ RAs fod 0.0 Ve : Pa e t:! te eK Lea ae prea vst he > Whew FY 2 gf hte Ps se = ane! ta & y ere eat ’ rs wala = = PF an te sagh Ye t Pabree os et 3 2 ee i= ere nor tad geo oa hats as ORL AN ON a ee eee ee 
em Se ergs ee Tey RO IR ek a rt octet fet WP PES Died pe vag, Gee © rm Ley CO aug Fe ” mn ¥ ae? e ‘a “ wee OWEN NL = at to8 Bee ig wht ue er iia atemeneeryenet vin enree tact Oo . & «= & 
er OS eae onkeeer en RT nae wit : eer eye TE tet ay te ALT ae eared ane rel? | Praeger err" aN et er rs ag fo — ene mare ae eo See rst “ane ee i i PTE poet hy uae wie nls ry. 
= a aE fn te ne pena a SRY IER ne retary St Se ae Sara § a cp rcaecne Murals, SAE eet ve ae Ne PI IM = = ‘ oF eedrerwtenre, SPS Law erst bo eh We Ap peers Tee YT en hee a 
oceans naihis As mah AGRPLER SS at A YES TURNS Ce ete Ab aay RF Mala semy: bth Sitar nd Bohpttt ON sen) te Tee ae ads takeba re ean ws ee ee ae OS aL Sb emir $ cre Sice tO Nat a ae ey, RO he trae anor 
ES are SP eee ate eran IN Co erate re ere red “J oen ePyaty SD phot? CPOOD eae dale wee pee Wrvy= ra aur aon, otal AS yeh reso AYN wane’ ~ 2 Ha ternal ed BAC P.O ait ee ee Am Rate 1 SUA rl eam 
oahu OS, enn acter ate 9 0s 0.2 AVEe WAAL Ww wr, ee Frat ete ON eek de OP. UL Rena 6 BOS Ag oe rare “VY Yee aes Oh he NaS a were wwe + ES up ues " Sar Sod sanehel eh dee a e4 Pe as ee 
J sGeaeteten oer fare eee’ a eres an aeenieP art nay ney Ted De tet PAL, BEF wi tee tene gre ALS ie pie ee Ey oe artngoto® iH 71 ten te aat yeild ARs press oe! ATO ROS greta eo i ys) aware RADA 
Stace Sonrenaaitencawleme Saeeee eneery ee hal we otnh e Me Pis BA Miponas ot. RP Saf ae we eS cegrite! 9 ¢ . PY Sah dtateal PPP Ve ita Oe | 1 ema, Weta! Are ‘Aad ww fe eee wen eh 70% Mee! Ai oats TeaboWi®. %22 
Panne amie ae petra ne 2 penate Ves A, pT ake Ar rest A QOL aE SY rat aba Un Gatncie Febery Sesohec elt" or 2 goon nan = wed « ® a=’ . wer tie ts OS ayy: = wast ows ae} CON Fea tee cane Bo iin BERT EW EALYS SIGE ON ad Pe B ut ‘ ehen Ae Ma al 
eet eee ee per OE edna ae ehiniel af refer I ree Rens t SOD LS gu tt a a oT Re ey hea At She Li eaeh, “Sl ada S wrpth's +: Gee Bt VA: _ 3 Wyitrd-2- Puihe copie Ns ice & ra fan, nine EN aan 2 
rene aanetst! wee eat A AU Erene-@ ORE a pee a LO mere eye Sta peg et RS ~ A orf maNrNe on ae Sarna ar eo A we conn fares ie py ree Taig or re Sy peng WIP? tee we ' he e Co donee ow Aerenne’ ete pt Anhse he” ne Pe ear edible. todos" fie Ai Beets UR BE ae it 
der etna 8d ALD Whrgoin eS “OA ppd ar dee ae ee tne net OS PRLS ra drei i” “WE Rana etn me ESE are gr. gain ene Se ee Pathe be ARE. to Oe Partynd are a Gey Ate Nie pre ‘sl Roe oe oars “ quaed 
Sete eree Eeyore Pre fen TCR Nace ENG, whe leh nt Whal  2 ay ng DS BOE EOS Perr on bes ae? pegaPy A °na ae OS ae ee Ee we we ann flat i Se earache ie ra edeae SA pe on Beate) Nd ta =r Ae Panes Atte eM AVAL or 
ee Seer sania ea ae ston cme eI CP Rt Pin omen 9 tat ersegfiny? , PRT og ee ae te rn” ™ oat we AO ee mys yt ee gat fe 9 Ag. Pere wg Aveo * eps pea Me 1 9 we. Reheat: Mes! bg oder re et er 
meee Seen a esata ON eg ie atte Bute Ratner” Mie” par Ort re bad wpe ain to AS eter Orne ) sen eee | © rene PRE are Te ee i ibe osuas 2 & wtHlenttol mar Rpeaaotes SAGA io to Die Sie rays Peet ARS = ORL HAP slate’ A Mees 3 aah tun. 4a ASNT 
Sen ret peer ere ay rept POO OTT OT, fer tedrey oe raghlt of shale 4-8 oy BAAS a) net Ne at ange (ae ee Se NRO aera os, sa men Sheer LI PAS, wut wre BY eda bebatveee mas OUMRAWD tlk Fo Fe pruned? te oe Oe ate Rey ae w4¥.Pat, mnt ne nun” 
Wrrangrtave bate fe sisiataensgranee Socorro a ae he asa nao pr NE erties ptt laraad ech 10k’ TP Tad am ae 2 wt wet Se — =e © eraprynegees £e Agree Ota me met OPS Ra bP e at aad MS °F cannes A woh PO ; & rgd ere! AA AL EA ote yer eb AA 
pee PAPE CRA eh eae eee ng tO Oe tnatie tee fra .e sede One desk va PES Pay teed Com hip et a ee 4 4-4 gata Ne SGD meng ekieg rE Ku Ue Sea eS ee eee Lats Mate eA UPS ee eer ser g are Taste Wh CFOS, re rr, Bote oath ren nan ARs @ Pe eer. 
coms cent Ga ro rngrt ans ree ep tahanl we bBo“ RS te? garnet Oe ad AO? wo YO SPE OY etomnengre 7 - MOF ws Bet we OG wh Dany Chea Se? Pen kt eee A Petal? eee ate 2° ome eA adv — Pattnotelfte UMM hale” ete = Ne te han? me “Ol : Peta Oct FOR eT ee! Hear euA 
On nat OBA READS Ce eee ats Sears ntats Pass AON LON, 2 bat RF whi6 va SiINY Pe Re bed Flirts OPEN a a ite eee eo gmne O ot Les Sar ere . Re! DUE ORV ead wate epee ee iat er A ene en sotetg eS. Si orgs eee SSO cla tieaarenoont 20 ib ites PEN 
en ont packet 00? ee P Rey en eT oe eae gi Poe tan” oa? OD eas tatig eS Ae weer Tr aura A ne 8 OL o::0 ct ING= * Fane enc hn tS Uenny watine? Fe TaN? we ue Wh fad el ei We Ons BED 8.9 fig wile ote (hs Rategs * i Ba Theat EN oak ne mR pt 
Ss eeratien eect ecernnsnat aa gees pare pert : pee, Coe Let ry ee oer As Let S asdsd see AZ Aerie ane w e* wet “iA fee wane neon cies ae eas tp < ae! A ade i ee = mot sana ae we anaeah pees sige 0 uae gene Oe EN YT ale are “ ears ee a enon aaron 
a) ee ed 4 o ‘ A? « nape et RANG * Goat wiht OT ke hal ri oe BA POD etapeheehet 5 ae aft 2 Nhe . aeo ‘ 
asengrtrhrnrern rene eT a 2 DO 1 Oe nang h eek eines datas ate eee rgutiiad a Peers re hor tor 6 Pete? ot Sou fur of erated ome yO iat) To ad a ontearntins "It agi ig eta eR oh Aaah fer Olea Se pean tah tnt wa tase, Of > 12, Re Rhee ee eT nar eae my LARRAV a oe WE Tatts Ore Re 
sranep moter ece® ie ere ‘a att Oe en anon st pe OP Shy F een estbghoe> FAN apo ee etatt etwar fig’ or gan Vir COTS a al ite SP emas ater ae pt) ee ei hn ty © pace & fwd wes = pte TY “herd Cilentty 0 8-75" Sonne na ok cee een cen i DAs iret 
A at eonenns moe AURA Bt ne aN, STN dee POPOL LE be PR od ha A ae oa oe nie Ar mempdif ae PO PPD PLAS Pumice | ert Aa, SU Oe « sronpanerce wwe sty MAUMEE uw WANN em Sch Decne Tere a eran Gace SNe Sina wae Rete®, 0 ALOE 
parrot bbeticad Me ene fants aE ORT nee grunt wad oma GI OME et SOA AE sar er Sar deb. AO PPG OS LOST ) wer aoe wt ee eT Seip ep? Rs EN pie tant giteher tar —arels MA Pease Sie a ere , Ween cg ware 1g a @ Tie de ea MoR Dh VESEY BPAY S OY, eA sitet hte OP 
nna On Fontenot eee enees ee ae AY pp renee eR fie Ae OEY, fm APN see agi ated AUT Ca pe Patt = OP Pater 0 eg dagen ete temers ” E ans Sieg eS Ses easrend: “SON ey =e oO Oe ayn ext eaten ss Fatale pad eT epee TR ates Jetory ibe RiP Rees Wotehoh! pee ae tne 
nage mie CP ee EO phi Se eta aPn batten AEDS © PDD OP BCD AD 139 eT AS mers Card cape tatn 2 cebt iat PF aw cat er teed a (Oe canal =! a ah aefnaew'e « as ot eather te A? SAA teta ate he ANE, hs. ore Lae ee RT rattle’ % BANE map MO II alegre getter a Actas wal Memannte oie Artie 
aren een ME POI AS _— ie OA A nent vous £08 Ot TPO Pata PD AOA IS ee ad a ah. PLO IS pay) 5 et Ne oe she U titer nace eRe ae oF te yp Aaa ds on ter Meaty ue bat Wy Beet tn CF Ayn Reis POL aang Bowe te C4 PURI Oe ato rare 
paanynpe vonsrr rar Goins Fever ee ore a Party eee a. Hea 0 ea pane SA ee oa er peru oy Oa Pl la seer ame Uf ‘e-t aged ote fete edetiosin’s * atl aye Wi PN ara trs mote tes Niet ts SO 8 ye ee Fee eo 4c ts A AA LAR 
art oe AD Tena re a nc7 and = 2 a eae eee wate A I A Rh cae DN AE UM nop en Ife re Dio PS prt rFerree Pie WEES A ea EPR BIL wt — ma EI? OES areereicet A i a WA ANA e ae perl SO are eee EE el rena! Reet MORN A TUM LOA BO 11.0 
amt TN ALOT On Rag tot CON a a 2 natateah Af. Bt ASE a. Bee Sor peat Po ee Pee wing ae * hee at emer ee” Baia PIR Gute senate S ‘eat tee “Oe Sn! 9 A DAS Sg AAR PAS pre eed ee LS dit Y Serimravtbc cnet, Scape ee 
errr aon ee ron nce aah a APS ate eaateh PONS Se ee ¥ FRE Te re exter” apa cee ONE TF APNE PY 5, Sean — wows nl geeeP i, et tt pace ee ene eee eR te UNS NINE ee tye st A Sat Oe Nan Reet wR BE 
sy ape nen th ch Ase PARA MAAR “ne AS AAs Reet RR Pee e ee OS pee YT ad Se ee ried Orr Nady LFmote? «stl 2P are Od At os weet! Men" San te eR fag IOeDh — ass a nary th Sere eptetia « enh ame An hatha DRAB A Rem” DAL adios yam, Sete Ss lap AST NAA OD Bee eee SPO Reso iy Se Techankart otey te, Ose 
acamca ng en ncn alah aeod et A te onteomt asta eSenitiay ree ig Ot AF OS PPE Pe pre eee Bee. ang aml ae pares” = ware Peers eet = ore rete « VOe ate. ¥ Re thy atte taae Wi pe a ed Nha ttn 0 a0 ORM HEN, Sinn AA Ses anne to eect tes dritanaen 
ree) Tre eet ALM MnP ha Pad POS SP ah ei te oe ny poner nine aS ood ate Sa e ark ben 0 mes we Pwr re anegel 20> Ares L PY at Be Sc Sines nce nace ne eN DEAN ‘ Madetee te, ee wr TSS ene eoenrenemaeen em 
Feet 02a) Parte Md ote ofertas pe  atand POET EL bad pp re. nid age Pigtottate of TT and matte 1G rote & ee ee ii adler ehialhe ETN TS canes NTN ener” pager qeneetiam sateen nceasa tyre erence ca 2 Nampa gin OL 
Po Poeriee Li pamev toe Sere ceiarett OV DS tell evel riteerrea” Ratngtes tO ae tener ane 2 Aaah we toe" tena rens “ohn ts Syren" ween eS hei “Ol aan ® ae. na cigsenaee eengennt tuber Re qnaarety rendre esas nm Remy eam nameiane Boe 
PO Te” tried Ag melo owen? nee ser” pope? Pe ad Loge amg |e Ow ae ea seer Vy emcee weed *% a naar tyrered Se") vows Solgar meena en once a 
f POO T Nether? ee RNY! - DO arn ee I OS rere Sagem Weta’ Ses atounager ta &™ © ARTO Ny ne Pee TS ta a Tac tote 8 NN a a Po tt LVEDD oe ® SAF 
tod RO en Se sree feel £0 ow a, ne =. tt sricapacaynene WWE NS Ae ee ty ew Sa cena Mata #0 ted AA De LNT Scat eae ane ta Rena 
; sted Pade ds SP PPE £ 2 | angie Pipe wp ARC PES nore? ye Cele a gigas OP OOe er sgrertenev eect ed NV Seon ae nee 
: ae nana cer tt aghne’ ot = ~ aa athe GO yf aA Aan yee ogc Lee MARY fg i AP Te iprgnt aah 43 “ ieee eras emma ena ees 
he apart Sh — guilt tN +e tape iret ceek YF WA pap etpestotte Put estat s a& Pr Oe tp en tatiana cits eee. Canara : ho MaNE hatte MAU, SN nge trina terre rasta Perret ans 
s ee a ; Jen Ry i . ower PRL maces ar ae a «8 Mp eenene vey Seah Wi de wOe ee ni awit gpene tn arene ely epee Wy OP I 
fot f OP 0 PE are~wts eat FA: > ne «natu, 82" RIAL ce OF pyre era Pa= T Pe hail le UNA ween yereswUry oy Wie apna nies Waser Ns o- eee ee le ‘hams tere eo OEE Roe areal tp 2- a Rote A YALE 
heel mee A “tye “9 pe were eure ete nae matic « hater te tte YS Ae 8 Po We Remit eee ™ Acasa oe es oa eteotaacninas ets 
wt F 08 ie ag mete S: Kat ow. yur ewe PB wR LOO et BOS PS Oe dnt APORLY 0° Sea Ce a ang Qasresn Ae Ra Re Ie chet OIE Aosta ee aire banal tants OLE NEES 
. whe tes aren art 4 aa ete mom ote 9 DIY oT 4 arena ang | ge ny moda <a aM Qt tax Y* eR: ARMOUR moat otsnee mate oe mdm whe & Ree toe parrion rte tar che nee 
at ut egret of Cyresh ery © sy «(eo wl Pd ee OP aye” Te ei atte G & ame Sy he Rett oe AE OTT a station gets Wah We SALA ae Se ay IY OL Ty tly Te te aces Os tmAAT AN dt i AL OOF 
ePahe8 VEO EX De gti? =n Ste at of gs ee er EP yee Move 7, ~ eer wes & all Re Tah ae Poin 9 Nea Peg TTI Ln Sih we eee tare eur th eet ihrer oT ten 
on i“ Pammare ohe Jt ee cel te Ret Oe mann Bt? hee Oe tel Name 2 UL a ee TT cn cath mae &/taLRAAs PUT, aa mare tes ae ee a re ne ane St CN, 
’ cores ata" 7 or) * ar ae a AM ag ath ren? ~ Tre ate ee ae > Te ytts fet ou T eta ® whem correo Sree hata pene enter REISS 
sn tontaat patties = © Te Ontins ae amet ~ 6 IES PPE. 1 eal Ros BR, agte oO Fae eee et tw Ag Pepe Aas Be SOM 0h ean th le NS, Ne ee aren ramen os 
wea t ae eaigtoue’-A te! eee © « Pe tag ry EF tld Pee CUM Ss Ys em leh yt Fe. a tes on NR re anne 8 WN ure ateecee er atnaoaern en 
aw ow eu we © ae LP NS pe aed pers Pere Was Pre wy 1 toe epee ta wa urteero? %"? we vete wet A ebadhar ts eter BIMB TET e pepe cist avant nt arcane cman ge 
gn oe ent a pie PME at cee? Me ened taht ver id par’ hee re dal agp GPa w ge Ree Perrgg tie ae BOA ~ ated tints sak ene nate amen Ge 
fet te =e we es Weer a sagt (PRI - py te free Ne we eine Neereatante te fy tte Se MENT ‘ on ta teht Ganer~ <a erne® pa One nn Se Nan ae Settee. mace ta oe <trtenitey te AS EN 
Ref arr of wit ers x — Sate Oo a ee an enee rigtgh ett, aw fate 8 ee pte ee ee eyed mene tiret "ee Ww AOR: & ae OO gap gtr o eet tec ODEN 
on tn ee , aR erent: mel nga! dh weer meyers pn ne Nr >: Tn Nata TURAN Oe ee ee ae SN ga cara nw AY A avty pet Samy RT BY AL ew, ee area ty ae TS 
na ane Ta * oon wegen oe’ aunt rete! ey erent at ie on 8 bd ree ie ) ewe wes et oe Fe 2 AH Tagg tan oA Mate tor BEG ve hy EN are  ataan. tee yar IY OS GER OP 
sire penn pe Ea rm at Pe” we ever r oh ref'e? er ae werent Co = > ainedl fans tern te Bets wots ade © Bette “< are aay austane Or br NAA wre puree ty Fe tent antrir te at ee rene eee nC 
SP pee Oe rant pte LO oh on 0ADAL AS Bee FS r; y OY she ry We OE Rd BP ORE gin OEE -S- ON oe peal tiger nave cactafictte gle Ww © pds Bay CoS ane tart tortytk eer Ae semen reer” Set arrannc parent ee nee ee 
Sea em a me eat ape oe ot OT Pe nd ew eee Vv wes ee egy Qe oete eager: Pane tg Pottery > ae nang bith set Beaty Bh: YF pen raw Ars yrecengn onclareren gen SND trees en rash. te essays Onsen ene” 
Pe ee eh a ane een ot PAP Sad EO 2O.8G eliela pa vente RATT FS" prt ae Tons fe nah > Sarat Ite — we: ws et ee POT propte 1 Me geree tet Nees wane Da tannsinie Moh ae tel Ets DALRFY gues OPelts at VwehP tt eres ne ae es AT he Suen RE ey eign es Fe Meany teh 0 One PO Tofie, Wyre Ore A> OF 
Sree OTT, eth ae SUIS PENS eat camer aan Oe PePRE PUI OO pape ad ar ne at AE" ae e i PN eo a CNet. we nape I bwlee a ere a mS ae a AT” eettg® NEN catptg. > 2 area Sark nave? dee HARA. Rr ARNON ALA aang © Rae eA Nate eb ager TTL 
Sc ene ae EAE A, flan a0 TA EL care wrote Ps paper gent Be apes 08 of hee aga amt pai a? avr Caer oghte +e s ry aug ge Ts ae oem ty 02 Ow ap if eT a ae gs weiter ero aha again White & sie Genter ee OAR ne enact stare ney 
ad feng rer ea np Trt pn pipet a mb hope ge) ee aed ge ae te ee) es cae eae ~ ° : Pyare res ae eA eee vow “ett RELI septate any VARY te EN IE * ne Mhprered Rie Soke ed taney teeter EPO RE” Face ag hE 9 hn a eer tee ce crags ; Sacer 
a aaaigae penne tte, mee a carn aaa ROE naan ooh Seige EY it ore meagnry Seg CPO PR OI EELS Be Fe a Ly pee tte Serpe Oe eS on 7 ot OS aint a ae ene Me WAs: BH Wis” Moun tA TLE WAY NTI sewteatacty®: Ser eae TTT os rte RL Amer wD pana ea nigra rrnrit 
saath A eae vr SAAT DOT Op OOTP RRS a ir OE pS Saal oe Tre ot et PE ge Oo hd ence ew ee PD OS ae pete OF wise om ener aes tn Oe ee nere WY vee S. tpnatcRe: eR Ree 80 torv Mar fy tatty Batnailag tye Mere Re reenter oer tars 
jangle ONT calcined PQIAE DPA ETE A en ert AL ANi et 6P) IO EI PEs Bas wer wee PORTERS paeeer) Pee atuee wanegpeet ongeeet packets cea pee ee eae OOo Ee het Fy) eS bated er a te oe eS" poe aD Rl me ty te Aw hee ee an Aa OHA SS oR ane coe nema eee 
er tac ern ie Saree daar wa sndisbig? citigt ead Fe! Ag RAEN HAI GTUINE gad Art oars capers Fare ees eer we eset FO e~vorwr™ aro henge APE Ne ania Te a dearer weer weattats Rte & EN Rp arte! Pathe t ay ee PVA oe? ~ uct Byer sn a I npn ON rae 
Seems oerre re Peel 9 Peta OO Wee aft ROS 9 Mat at Pe one ae id rot lam wae apne wo ST ome ag Ler IS ” PA LORIE Petpnte awe ee ae ON ON eee whe wk Cael olla a Ne ee eek Ae! a ap me tateratety ASe Tana Soran eee alee aS 
peli TT eh ar ot ernie erie Oe abt gt tater SEEDY SPIN Pe maar aacarat ere PLD eit Or eae uO sat OSA POY 1 nd ere ict tig —— aork pel ay FN aAee gts = VO ME Fee eae AAIRE A NET Aner nceense SO ens eae eee eer ate ean He 
Sean Seen E Rt CCPL CE EEE Pe ee ea ol ee aretphatradte 6a CO etd peg! Cape Cee eoeiiniD anne tS wivas Se Hua Rta pennant LOWE pgm % eT a dill » NAT Et A wevwre ree are NA anew we ante tM wires Saat Siete earners atone 
Se ag Pt Da IS OAM POD Taree tal oe ew are asninwr ara 0% apr SOE gacernetier Sve ~aeat eae othe ee Fe ales eh oe li Oe he RES APY rete EO ~~ aT erate ee Orrte nr WS Scare a ON ecg 
espe’ ; re Oa egipeeer eC ons ia A AN ele i AF 6 ee aid Ne Garret iggat “4 oS ae SF Sages tots ere oo ered = “ee he ee ATT, OE FP EEL Seafe tf POW OWE tt nr tig et Pee ere w wry ENS Pete Row enh Ae'y Tyahate ders tg ~Ae® T oro te ba Aan a iN, pg te man ean ew fecal tn Ayton > 
I a Oa pn aa aay cra ne On a tegtnd ont AUS AS pers hier x ci emiiae fT eee en ad ara fA w yy we «et ap o Ow A ere Ngnas vee wath cennan & ~ ag PG OE patrerere ~ © manpage Nee tres Ae whan ON Oe enews oe Tyftaelt ep WETS eg pt ene Ronen eo BAA EIMY 
ae asa ee pp Oy neti t Far vise? rao fy Oe eat det OPAL oe at! PLL refrait owen aie See phen ae F& GO Re SPH Re EE ean aghnd net te I a esse RAAT DAs NOONE ® gpa ee re etote Co eee Waitt we nate te MONE 
. aetpe i TE SR irr pe OI aE oa PE GR AP oe?” pce tpl; ate 00 PR tered ED re ST wot Cet OF I a a SD aw" Pe aed eurcin We angle TE" wenn ares ys wee ae ta ae las a a Ee Te a ote we beggh a ape IVA hy we Fw Sean me corvette An NO nan, ee mt 
gare qanet rah sical Art tg nee aon Oe gaat MO EE Agnes g gee penG TN ad ee genes eee ORT 5 ort LE * get ONT me aed PR id 7 5 wn ~~ ‘ete ger ROE theta Se Rat Wives ete «oe ty ween Oe ms = eats 6 Boley We San neces Pe A ie 
says rear nee Tee ar pled enh SAORI OD LO he oF pet apt Oe SS ees eed: ome FAY pe en ond of Sew Oe ere tt™ GE’ | OG Pere Saab aE aa A fepg! te * sty te seit See tere Oe Aaron te Mpstgstet NPNOAS ae) renee i RT 
a ee ance abet Ae aad Patel 27 RPLOSL LAS sate eli BF pre eT oumpat SS bart Pe ome? tet oe anewree © ae ee wat dot 4 SO nk al 2 hn el ¥ rp oo SF yeh ee eee megane ye * Fa ee yews mn tig tty Sep Nodter Saas ase Uo ee ea ee ana rane Segui Maye stow le 
Sane at Ct ene P POTN PPAF of ROG at AO OS OP FF ee Se tribe pp POI apna 6 8 DEAF A Dw wwe P cg FU e urate ve fo wer oe WR gn TaN OTe tele onde ww un hen es 1. te. vena SN Bae Bees RN <a PN aera ee ae 
we a ease Aenean O20 FB I tO ee conned ah Prrrareh ol ns? 08 oF. POO hadnt es tr g) atogt ianpi of * ~ ? Pata ht OE de or ots Parte ee war ES aie) eo eongore See ar Oe en Saat ees oe ee wanwante Cybele Sty ee Saesm ware © Rae ree ot a ee 
ora NOS seaman manana Pact A geal A ONO Oe OA uta a ate P ign dt PUL ae papier re eae rn aatatlige & 40 ghar kor Per ee nate apne Or eT ae aad Pate PLT AEN. pay &® ee hh hed wre ngeguans: Se Sar Atty eae OS Leet: tear Natty“ West Rote ah Ae ale ¥ ene asng MAM Fe a eee ah 
a * asman pats RAE PE BuO at ee ie ip il 12 IO ny re eS P-gp anion? Mal oP ir? hace GIP LP 2 PDIP Sab PS APP wet ne VOL eo" vet sare “ ree Teal Fits Aaioad . teat ee Ne wears we VIN Fer Pe Mery fettshshe NARS een ste pote te en BY Om oto ako are ASN a en NN pes oe a arene, 
ye anne Sate eter or ce red came Par aE me PL ES Mate pitch Pott wettot Pl OS reg Os pe ee caged ee Oe ee eNO Panne Teme ES atti ie re ete OES nN I ends ean te NP NS Sete eae vere re Er een Peeper TE er 
peat Te oe a aay et BOCES RL whee Fo nd na tN se ie * Pe aad ne Tk pap rrarerald wi ar ptete Ot PIV ot Pt POF eet’ eww ng LO atte a eu = ape Rew pT ad 4. oe aap mares ren a ore We NOES thd Ay SPW UBY Ry <a I oa enna ns aa Ayr Wow eS 
* A OE eatin ogee renhers* ON we oF Py inte een nero tat arent! oot tbat tg 4 copra @ He pot OO aed 4 oA, te: a eee eerenerypeths ane Pees ru soft he pw Oo nr eee em WS maety® oo ON ett wpa Ages Mose vegas toe aN es NS arve & & Ast a ae ao treaties wel bidals IND 
waa =o fiat aygre ee ores, Coedoprarpaer or tind eantenieh apna calif at PT PBA OES pp aT Le ae Regt ist PMG Frat # tn AE Sete P- rede td PL grade hg PSP PLL oe ON teas eee PIS ga PEP IL ALE ehig® .ae= er _ weeiettots y® tae 0 rept toto arterethns Ne aie eye qetpeeee eS Ni ek ann eee ree VA SA ey Ae AO 
end OD OPTS, pot Sol senepne OG tee I eee he td Ae ORT OE we gees abe Shy ~*~ Apa Sn tetare 9 me ee or Y . di rts 80 eae aN, Eee en NS ar cae Se oc, anes Wie Da BAe eaten anne Ae ets = > 
beeps 6; aa qrnatgnitier <= OP e ne Senseo teh NOTE oh 4A OOP A Im 0 ae OIF a F~ sea AO wae Pe ef @ et IML APA Sw Pe oe a a Agia PO Ol of vIrr eee! are afr wh Mme & ove eet le ® ee am, % Bae rt are EN eee Ree hangin ne mowing 
AS nee ee conan omen a nw onal) are ts an! OF NOTE rn gaed paar vtihies eer kPa WRAL A Se +46 fs flat pt FTL Locale sans 0 eee eee oHint putin Gre Ye wd oe Vie Vm owe ne Sweeney roe pene ee ete a aero Meehan wesw sag aan te te tele we emerge wer” a nane ecte meen tte anstne NI S Face tity mnan sont 
= : Sa deenee en tt tena ina! ule OAS Oe parents oS A at eet fal a OPT A OTS OS Md AMP Ips Sac) Peet Gtr WOT TT Tain ito ware SS ee ee were Ces = AY rare Certs wONe et ee SNe poe teeter en ORAS TS oN tere tes YM are coriene 
pepe pore CaSO LOSS nee gf eee em mesed AS re eevee Lath Pr OPO etn 78 we Ne an eis rows engl tit ay Se aX - onto peta facts mi peg OS — «@ Baten 7 a Sie = cwrnge ang ete F - Vv wie? * ~w wit rae oe hte ay heer = yw wee pty Be im tw *e™ oe Rast Aete™ weet he wana ee Dy RAAT ND Rene o RS® De eat = fe, WAAR cate nee SH 
i oO I een is patel eateeese © FANE marae Tt ROS FL IMS ap ee Leper en A panna stein EN* of AF sae OS paar  paetg te EOS PO ae-Ou wwe ws YS 4 Ne nh AIA OE ve , eae’, pase me Taree Qe VSS rye WAY: © tote pee i ins Nae Ne Neen 
eet oat Sant erat Aen Nil FOAL ted et Cerne — * Fes ype a a amare ST AN A ODO eas tt OD ate AAT IN ae cote rl ner mpage SS SS Urn uN fa OO inca sige deter tere Wey PWM eck totes “et He Oe ode I pana no ett A eee a Ne MAS 
saipeiie! Pl Oe Pal al Ow Pahoa e ee Ne gd ae PMS Bef OIE wareeeat pee err GE ia pen E awa papel mg je aan + 0 ote a sents OPO HO sed arnt 9 fie a= ee ee ne sear mn tgeniyeerare rapes MWe ety teoaet: Be wt } iy uate ® wa Pas Berney" a Mn te Wy BON Re ne eet ney ne pala ro a heh 
0 OO Soa Oe greta a Op tate BOA WO A mp ere ees ROTO ait oi” a ott au? ag Oa Nad Nye fete A emerrt ete PE Ege ae Wn eee et net toate We OT ate a renin Walt Se are nenenanena Se a ee wae 
er ae ea LL Ne re a A ae PAGE OP oO nig OTF Prem ort abebypt pene apr pape wt ee wesw SF ” ate ye ee SS Farts td Wee SS ep Spee TT epee het EAE tape Ww ews tb ay te Wands 8 we Apa teen ae wae 
paee Bax of oe ee ah need Pel ae eS « eae at oath weealware bel ALY ww 0 Ke anoseal ae bdo eer ppp eas Las —— oF ps anita anid ws @¢ — ei Aap Tea on pas ie erate # po POM ~ rage he ee wefan © Aggie Matt pe PGP A Na * cpm wate el awe Paw ty tat tae Sab pcetaMeRere Bt qian ores te navte" 
NT ee ual legit Petr I arin 0 rata Gane A gt at it DPF Pe Tad ere ma ahaeir-to 7 preteen) s juliet = a pit an ee ys Paper 0 1eNe tee wer ne Ine we. PN tere Re pair ray ote WAL SON agree WN Nate? went Dg os tite tet Tae, ee cn ane 
a ay ot Pa OOD, Sha rer mon oie apt AO BONS ee See APS OF wad PML pana et fetal Beas rote pee ya ine a yoy: y ew vo" ey) ow’ - rere eee ENN , we ~7 oe magia > ear pon etaty * 9 Deming Cringe A nS" nypng Mee a wea e & weet Re en ne aE eee ee RD TOY 
SR nee. = tea al ot pT bandit yr od POP ODL ON A Rat Fas are uae t vor pate saa per eardt ae ae ete 2 _ Sov® f = mene ta eee AS” sia seu vetted ee WON SNe oe Tel nee teat ra meg eee toad “tote bee de en cugleyhuns 
Bd Ate rea L, cong ene IOP SO eentog hxc oat SeOeF Puff * ore gear” F + cok fag TOF oa all wee © ons A ve —_ oe AS St ON we’ qe we” net arcane & CO ad Wate t Fn alll ue ee a ate teem amp hetpoatys Rot ater te pS ee gar eer Benen TN ne hit SUR etter het 
nina meets OI Se Che PIO dink ioe Peel oe fiers 0 OS ee cd cnas coset At ¢ ae powd OF te orate et Cpe atone ner OT Ot tain poy ted Palins 0 RETO OCITON ef ae Maher” Se awriwers wf Wow tote A Ae we gee tert ae eT ah peel we plenayet te toe Na ast Repeat MOTI SS aa testo eee 
ratradet mo ate Fue cape el etinct ond GL AIOE” Ce lad a Na OA OOS Matas ot Dad Pray aaa f pepe st) pp eee peas mi al oer pint x = oe a slice ai rae Swe (ea 2 ater ree Wwe na na scntag tee 90 ANY eg tetlen ag TE ae ae en eed NE « Sea ES cab yarn ee eT ddl 
spall tt a ret ant te OT OPS oe haar pF ash Ad AS. ange inten asa erne fa pel atiehl Pet Pott» aaa = patehy cae reine 4 ws papel ela aed LAPT A erate FINE” # ed eta wor ww & Spee We en mv * dita hak wy Ne RARE ee Dy ORE week Se NE neta Wythe ore pore a a tee Rona oat 
page et AALS Ee near) vrgat tea LUMAR S108 FEE © pays ane On So cata edt OE eee oveet peer Pr WO Th Laid ot i ae (te OS pers ot we an ~ ayn we wee en ant wate apes 1 te te RAR cage PONTE NERES NO mgr Panton nomena teins ee wees tyes Se 0 Ome veveeecmamn te ert 
gare poet oat ot a Or Pdchat © A emcee cea PO RPC OEE L oo Ht Otek 6 oP cet Ie Saeat: @ * Saket LUPE J owt et POU - — ov er I nal ae ot owe or wie rw wy wewiet ety tI Age eli tats Ap me wh SS Retrtas Me tt eet eRe Ree acane ae rca ppapreintie 
= pa Aint Camila nt A MDE geten . eer tere one Oo Oe oe: eFpre ae Beet ee ghetto we 10 SOO pyr’ ate fing fe let _ . a as on ae 2 Pun *0h xa a's w eae he eo o ® we 4 ptt Oe eed wee ye er a caer Ne nate ptt ty Rot BP To Gat naa ye We RTOS 
ar ae pus Beane OE worn annaera A AS NO Ie aneret Creasey s OE ES SON Ot oad tens tee AE ne pte red I Kase er see eee, re wee aera Pere See er a wre ate 0.08 OS a ET ee we ny SE oN ee Nem a eae wa 
PU OLS Sooo at Amer = ret Ae re om Septet PAGS ote AL LO oe ere Peer e ee 2 Sweet A age Wt oe lw , A ~ na aed Ye ater ° nti OY iis Ge tee Vy Tene tote SEE Semele © Pema ae ee ate ee Labeeeted ee eight ae ao wh OS TT 
—_ I i HAA ha cacn poet wD MRR MATTE etre Lo eipageen wm Oe ee ei Pui J =f of eed aie ae ” = a « ans smo «6t Pd PP ote nyt wt Aest ~~ wee yee & ev wwe 5 eid wet retary ae ae ett IS hd ote cents eater egies wet 
a Te ene aa nat abating oe Aad or? AO A rap iatene en OP pmepiing e pages: a caine. ue Agito oui Far ane Se = p Be oF ae aes ae =~ oe we % caer BMPS NON Ned Wate ANS aT aprere’y ee apace apt eee parser pd aprons 
ee i ail AO oat ese res oP ATES patent OF ea cat oi a a ete aw OEE er At PAP oe ‘ — “eo a fF age —_ eo aed” ge ae = Se ed ne ny wm Wah ye ee Nore (fen e & ate We “DY ty ery tet  Y ee NN nn ene = agi eeretpmrtratere WAG TSS 
Rath ap an ae CO ANA FO AP! POLO OAS OS renee OCG OOF 21 oT OPP ot o ee ae ee - a the ee — o z = me ~~“ eae te-o-4 ne yew any roy eet” vee & * povang ey AY & aa Cate eA vom ® eaten eee tre™ aa pase ee cgne ite A > 
ae he OD OO ee emer Peper Pad OTS aan POO Te ee ee ee we mine hs ES rr OF , a. hg) wy wey = ww eu peg et SSE pee O ety TEN wy Neem ee UNOS ves XS aqua, ote AS Ae nada lgrey WW SS 
Fan gare I A oe eomnen Perel PAO OOS F "ae a So PRE 9 PM ne ee Pe ame aig RO fw ee So 0 one ic or —_—_ ain oe ae v a Aart WES ee ee ance eS) Son ay sangrenite eee SON at WPSS SM Berg tet BM a Ne Ne ee el Ri I deepest 
pean mane = apn nett ONE OOOO. eg We gh PO ORDO POM Tae ied were aan Bos « Log. dated areel ae = " ES oe ea = > ee “aero par " ww tata: chote &™ ee te ote hehe ve SY ad outer a tlhe ere water aon wees ee EN 
paler ee air tyes n egrewpm orl ott of araeek A OF corel ore cate ae OT eg uae om Ss Rene = lageahah mr a ~ steeping 2 ll - wwe perme we 4 va I — ee ws wy 7~ gt coh & RY ea = ¥ Bah inh Vand Mote Rey 8 ee Redan on tatygae@e we Oe: ee ee ene 
ao ea a oeeeea ot nee oane ae OES 0 VEE een so ae A te gt Pe oes aungiapre weiee ee ee oe eee oa “ aie af Orel SEP fates OVE In OF wee - eeee™ % tae eee Ve i PITT, oat oe cote egene wee STE (we ete BROT ey ee 
8 A arp AOE I 00 ~~ Oe I en contre OO Or af Ars aw ae fxs engi er to sagen pgs pote 27? ew 5s : 5 we = e io pit Ae wr wer gn Sm el . ere te As ey BOSE e ~~ @ Neate ete as re are oe Se SH Ne we oar Barer = eee rere 
a ap oe NAOT Arse Seo ran wus = wiser eS ee entire aman ot 2 ann a anal gingll panes sya ors tg cee lee : = S ae ~— 3 ~ ower —™ wwe eee tm ey te RS 2 ee ee ee Toes oo Ans Son oS 
Sc sake we seer eo ws ae 2 toe AE Abe Cele AAS PA SS cs inahe onan ont _ ees pepe ah pp, bet ‘ * a : ; Fe 5 wer le il OR . a=” aan tag me tty TENA eS a sieved we oem, tetene poem Rte etait: eens pane oo en en SO 
os ncn CO oN crane nnn arngraretiict fie rah we ws ot whee Sa eenpier voy te “pgeaiees oF ie Po wre so? rw roe ye = uv wre © yawn mpage es te ate” ety ee et ty he UY we ete Re HTN Me predate © = ao 
Ee ae Peer dain copper APL OILS neato Oo ey notte teh Pat 7 —_— Pe eat oa =. eaman pa ». P ve ow ore ew at eye . 7 ow ew Noe earene yp teases mie Wheke OF ema fe roma. ee rapang-te Weatesipet 0: eee ewe ee We 
ae rahe eee monte aang S coupe TT, Ben TkoNaI= Gali Pd ont wre pe . ae Pd ed < Ri - one =" wee ae ve 8 » Oe ee a de ie hed ee mimere-vs w* es we oe: A pei tale ewe SEN Ar tatle Putty te WN 
all ere raPee owes ot ATE ee ae eta a8 aD eet A AAT oe Oe tbe AAPL 0 Ody te gart “a ot ppeo “pert eds! ot ared - pried Aue pie, ag ” al ~~ eogt el erg eter =! y few ey 2S apg = Q- ~ ee wor rn ey tery te ow - oun ee eee ep eh an sen nee S we tgs een ee 
> PIT ciao penne ne acrwe DOO dates wares CYT Ce toed. PPO oC IN pute p68 at Se oe Skene Om wee see nreene SA _~< - wea *? greats te Vee P08” wees wwe camarte ty 8 CETL IT Oe” Maem e way “9 WAC ny pact meta = ote 
egnee aha a= Meer ats i igte (2 cea Pee onband f= tee ig a Cte incre Sih aot ‘at Bh DOE ad ors Pe ere ee cog weet wrgare®l aw oo wh ver we wv (ie we * og eer a ete we Re vue? ~ ee tregrgted ied ae we wane totam wane’ “ONS” o.— Soe 
pnt CO SO ee a a anc oar en ee ae a oe ewe a pave pede PO) we ae OS ee es Be. > - won nah e WA = PE on eatin nn we een wre pte teh ene ye VES WY - owe wr pong Bein te we Tews =e 
tS cage» atte ho aE pam RO cat esminepaagae we OF aed fae A ae —. Ct coal ge ctw O A et Oe OO SP oh itn eat i we ore wo wey ak nana lin AS "eign tprwpnminpae wT SON ve vam, amp tepastis fe we mS ea eT 
ee A ks aialel te at OT OO Oe mwnrow gee rts «2 O° = atindat ee an ~ rw oe pearl Most, we os oe a aie pW eee a 2 “a a Mes tote hte wf ais = y 0 rye ww ew te ety BY npr te nv rehire Per WHS ‘een ae eres Sows YT ae rae ee Teeth te tetas ee 
- PT ad Pr hid APP OI FP A ote eaten 2 eG Chan Gf ae nt PIL cam oat F eal ee fod yr + ee al ¥ " ora pope eo ww we = wy ser ye PS en Se me yee a Matyi eee a Ly ey ome i *. eo Nees HON wee” eee eae tote > woe ree WP 
eT ina Ona PD By AD ONO FL Pe oe - PtS Ae owe a a OO wi > leaf Spe edad Apt r; peketor Caaf we Ae he eurwnr ~~ ween tpt ee tem S* ase ely ee ep teig tro Ye Ww tv tenes cay ata mete oS ape “w ayn pee wee =e YRehwee Tey 
we ee oo Se TS eee te tet me ot Oo OTT paper ee ST. ee ful Minot ie gr Sg or Sarnia aie er Oi Ot oe 5 ie = = 4 a nee tine een ae we a Rang to MR PONTh Nase Stet cite SS Pie wayhet we ccmmepenp tne Bs AN ete RR eatiel 
waar eee eS oo arent pe ain Neranns pee olen 7 2°” one anes ot <a d Ah o vo tgme ot WEN ad A od ys = eo * Po ee. 2 oy wh wale =e a - xo terry WA eta ee te coke ne ny te ou SON mw Sere wutyttate 2 ets we an wet = ee rw Mein RE HS — 
ae eran SOS POG np sce ae on Ot AO ee abn te ete ah Sone ig aie ai tat ght oy ee Prt a fond ® ae nN ie he wwe mgt wh = ee Se ary & ee eae Sette ee Rare Uarettp tate WF So ee en ae 
Spouse, ores e en rat SS INE wife ere ID smote eP t ong det a rie by Fp toate 6 ee a : # = oe eige s ie NY bur ee rides ween ecetrel Sy mo ww wareane ny 0 Se Mem SP Ne Nine we Se 
pam Tomer Pe on atid Pat Pret Oe  gteert et gh OT rea oe ot at at wad viet ve ee eee ut Nowra ap = mgt oe 2 i we *, ws : os whigrthe — a yor w wer we Ot eget ewe we ew * qaty te” qyh- we ger - ee a ted a ee aaearenee ee a seein 
noate, 110 en wee wee” OSs chs © LB Tee A" OM so oe 3 wenminmern of @ oat Jace —mwowreee # en Ot ote OU lanl acti, F , 2 ¥ Bas, b- rea oe re wot we Rw EE ST NS ~ witom © ete UO fe en yreeee ee FUREY SN oo 
c.oum wham * Ns tepid Peteet a BP PO OP GES eyer? pre on eeha Ome pag eas yaw ¢ o «F wv herd F ar, ¥ “in a ew ov . «= Ww . - nd Pe tnsaptet WF perrs ers * &. ae we ss ~~. ote ee eo ily I aati 
Rat 2 on al on ae PA Ae Fae PONS = 0 pa ee ceed wweee mor a! eT Sd oe owe 7 = Ge “ St tee a — ow o Se % Ag e™ © ~ «* pagans te Wiese Woke eM tae sre A ap tpnetn ee e's OU Reape een & TE TS 
te nied nh PA: BP GI” Bw O odo eon id Om ona ot a eee Pam te wowrwe am A “ag ee ed Ped ws oer Pd - “ as ‘a ne w Ven oe we oes . pyuy vgn MEK aA te te ev ee ——_— ere eens eine we © TN? pete. 
ge ooo ee Pr ie ated owe Y tinal wert - tir * * ne an O Pm a Pe Ae ed cae lig, ee ae nia a ~ a Ps = Ww » wtare wa we . ~s em Pid - id ot > Or fag Ww Me Se en eee See we 
PESTS SOO canto PEE ns awe ae re “oe ceeae . on “ Po a ws = e = ne ute ast ne ~ - ovr w my Av © wry &. “rte eo eee oe wre ee ae sp meee wD MRS SOT 
be aah ene eee ae wo ap Ot OOS own ot eRe ere war OOS maw re 5 ew iS oe ge oa my v od — * ~~ eee — ~% ~ oe oy oe we SINE nate qn agprte te meta w ** Re batnas ~* 
at gr rey ot IRR” AMET OR lapel pte ee TF aaa. lg Brett a pis Pitan 90 Oe edits oo og 0 OPT oe wae = = ~ oe we ~— % gaa = ae wetter ee ate dtd mpenttn Te A. te my Smee ed te eee Nt 
2 ae see ON Ht emer VE eo eg Ame ana ) camp ommgnes 08 3a ate oe = teniioaalbntiee a ae wa Bar Fe. - se 3 e ~ eye mea Oe meow ee ee een ee ENE ne arty wee war ia te 0s Nema 
oP et Pog wlet oar 0 8 na caoret SII fe ores POA B= i Pie 2 eee vee w~ww * on oe .. we oe wow = ~ — x y w » a a 2 a ee ae 
see te OP toe OE LE weehone He Ove Ce. : wp ange os ee al - woe Mm 7a” ad aa! -. ~ yer - -y Nw we er wes nde —_ aw a Se 
eo eae ee age mw wr ee ene Sep we ae PA OLD gonnee ” Ti gee bef = a me re ea cS ow’ rors & gene eee ig 3 ~ = we oe y al ees BS eye aut ~ Se © ee ee eee wee ~ Gots ee ene 
=e - vas ete gs OOF oo aor Das wane 4 * ae . gat weer at wae oe e we @ . an “<P v ww a % a * ld ey ow wees ace nye ate ete ean ene ev a bd 2 eee & ee OY 
OP died wae a aa Oe, tet al eal Pate OL er eb ween “ae Pee Sus fet 7 _ ep sf Ps . atepnne “a da ag nl aes ve es ~ @ we a te we 7 aw we ~w fee . fed ~~ ~ ary bead eS a reaiiediel ny a tyne ap SPOR page Mel ton mo nee me 
“* ¢ ca emesis wrens’ A “Can wn rar ace ue eee eo te OE dai: y ia ie - : -v. Ae - Se _. w= wee % ~ eS eee oven te tote Se ee ante tye Swag BS 
ame Pe a qt ow vame © a Pace POOR Pee ese == - ee yt Fics os dig in y a e = = ong ae ~ » awit wee ww *® ~ ~ Ph tied oye ST anew = oon Jpn share Ave tee = 
-~—— © are oe er LT aad - Prone Craua past Ps, oe coe = - od \e a Btin wee .e whe ey gues ohh ot ye aw eee ower e® Se suena = 
—2 eerie Bs age Na cece ee ae ror Pe ee aod mar we ome ery oe Ci scat cower wy ov «4 bad Ps * * w vr - ~s ~ verve & we wwe aw tte we cg eae ae ane 
awenmee «“ of ew re mad es Jo co n~mrese on eS the - bad Ld “ = ¢ omit eed owes VY i) ee = ee rete HT YE Leak ee 
patarne « Aan eT eee ae a a npr ena wi torwe - wee ee wave 6 oe i a ad wt OR xtie i - ~ w on ee vee ~ wee teen oe wear a NA ees tate HO EW © * te Noten ee EO sam! 
rr aided pee od ad twat are saan ae pane ign ee v@ 7 ad ° - ae ~ ae rod ne - : - @ a = are am ~ ~ ~ wew “ - eh hie Speen esv~r ~ avy vere sr 
awe Caer On ww - »# eet POOF wane wes (tere mined itera Se ead ef pee otal abate é + = im ws SO a Bn tliat eco uw ~ + an ewe ve ” nn ote NS OT ites ~- ware 
ao eae le a Oe ee UOT Pwr ce. ewes peepee bait sg e on” ~ vue ~ - - ° ars 5 e ee . ~ . ~ ~ eerervre §* wey «= * woe ve eet ene awo we ~ 
oan itt or P@ one 4° aad ee woe wae Op Pf net a 1g aD oer ce eataag aetel e Fel spuds _ wf ei) xe : = ime - eo 7 7 aif ale aoe v owner Satie les weer aes 
os owe ae OF aww sent Oo ances weet ao Sw rae Pe as aw al “ - oo z Po hoes 4 wan “ x ~ ye © *e° ~ » * we =ayrsvr * 0 ewe wee ee wa ewe eer we ee 
- wwe een ove copa arr See en eset ee ee Se - ° CG v8 = a wee ~ wy = ww = ‘te we? ~~. wee ete Wee & teens Stee ae we 
Pe died per ataieatal ee ee 2 peer ae Tar ae an = cy - eco ~ “ w r ¥ 4 ee — ~ ow ot > anew YS we ee paw MSU Sy tte tied qe ww t™ &™ 
ged Pm ata Pe eer war ee Nua? age - pee a a is o. Coa few ” s we ~w (CF a 7 = a S ~ we wy nee we a aes no we ee ease ae owt’ geen to teere ee 
ems et = eee an ane Po 0 Ot Get oe a Scene ma pi a a wi vad — ¢ ~ Ph a - e . ws oe we aw ne wt cee SSt SS es Owe —_— = 
me awe ewe 7 7% mer WF oe * ower athe ames ee cu ote apo “ea -- a oan wl py e a * wit wt wae ® pA ewe wy twee ew wouhe ey corte ee Sake ve — 
Porn. af gh POOL OM 4 ef pa ae woo ts poy al ps bed ore are ”, ne ww = ae. + tol gh = = ~ ww = wv ye ue Nee Se ue “aw 
ane Or ween + oF ewe © our Se rad “lo Sew we ow oi e agrear oe a - ad we % ws yy ~ we aes © ete oe carte ey we we CEN ww ew 
all ’ I teats oaete wo Te e ee aate a ra Sad os 2° Salad - “ ’ od es 2 wy ww ve ad mae whe oe «v™ SU YS TU * mere 2 wt SS a ee eee 
- evragwer - wera ~~ ow ou op Ot On te oe oe LRP e - Clie e Fd we = a akan wr . ew 7~* 7 =P eee oe eee OWS noe | 
COPD O & -— 20 ror? oe ws ae ps ae od = of sees! eo tweet # 0 Ne ¥ ‘a a . or i we ™ ~~ eee Sar ern ey - oo wsas 08 ae ee wees 
es owe se oe eme s we ~ AP ae © e ors an es a ae aa < ar SS iS aah P 5 we. wow ~ we te wr w Gey re 8 Se URN Oe em omen weitere 
awl o o we oar tt GS ear? ODS al ane £3 ba ov al ° Ld we w at ~ ey “a ¢ w™ a ws em ss wrest ~ we & tte wy =e . ese www *” 
Ld + ow wen wee whe se aes eee i a ste? “x re al = _ = ¢ = a ~ A owe ~~ * gow - | ee HD ~~ - ees 
cota of - ‘ow Cee A= me o “; hastioad ? 5s act s w~ - . ~ a ewe ee * ~ eters 0 ntvee ~~ enw” 
netltadnal ahah -- eed --< enews oe - ¢ UJ 7 bod ~ a a tye ee ” uewo © =~ & wary ww Ne atte & nee ee re” wow * 
ee eee ou ta POP ome Oo? « - - rea ai nf ° ow wn eee al - v tet, ae os wt was ee © . we Sees eee ey WHE amt ow —’ 
PE ” a P P* - 7 ou EG “s a =a — 5 me — -« « La - w ws ~e an ~ ~ wey. Pe hdl we ow a - we 
~~ y | PY Fahad * “ gh mae > acer i Chins = a oa 5 ; 7 ~ vw . oo - ~~ ~ wwe 0 va A pee tL hide . 
—. ao) Ge ~ is = i dee! “ = » ~ aa . we weey * eye witwwn wae we 
_ ” - # Ln a * * be ag ~ s ww fw ~~ Yew ees o™ vee were = tg we sew case were SN” 
g 4 s e w - = o Paes a ww * a « ~ se vee ow = 3s wee oe wee of 2 the oe ew 
a ” wi? bs = » ¥ 2 “ re eed wernt awe +e ome © Rete NONE i 
# - = wer eft we \Y 2 Se ~~ = Rane ote Eee SS ee NN 
id = wt ° a — ~ aie = we eee 2 ee Vee ire ~~ > 
‘ad ~ x aas vw - wy we > as 2 ee nnd => » 
se ~ ~» &w& » » @~ + aey © ae oes wees sure see 
~ w w ” mre www qotep mtemeyste Ped » ~~ ees 
s a w we 2 ® wyrttnre = @ ~ eee HY SS ~ oor veh ~~ = 
» «< a eed ~ eo eye & ee Oe el ~~ ee 
r Se » ~ “ww . * 2 ewes ed es”*® ad 
~*~ Se ~_s . "= ed hed - ef ~ .» ~~» ~~ 
a @& » =»s * 2 wei eye weed y = &e - Ss 
oe _ * - . -* -- 
ee se 


DUDLEY KNOX LIBRARY 
WAVAL POSTGRADUATE SCHOOL 
MONTEREY, CALIFORNIA 93943-5008 








NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





THESIS 


SURVIVABILITY CONSIDERATIONS 
DURING AIRCRAFT CONCEPTUAL DESIGN 


by 


Robert John Gilman 


March 1986 


Thesis Advisor: R.E. Ball 





Approved for public release; distribution unlimited. 


T2263 32 





NaF a Nae hell ed Ba ot atk ed Ae 


*Y CLASSIFICATION OF THIS PAGE 
REPORT DOCUMENTATION PAGE 


ORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS 
JINCLASSIFIED 


URITY CLASSIFICATION AUTHORITY 





3 DISTRIBUTION / AVAILABILITY OF REPORT 
Approved for public release; 
distribution unlimited 






TLASSIFICATION /DOWNGRADING SCHEDULE 


‘(ORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S) 


6b. OFFICE SYMBOL 
(if applicable) 


Code 67 Naval Postgraduate School 
DRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code) 


ME OF PERFORMING ORGANIZATION 7a. NAME OF MONITORING ORGANIZATION 






al Postgraduate School 





terey, California 93943-5100 Monterey, California 93943-5100 





ME OF FUNDING/SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 
GANIZATION (If applicable) 








DRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS 
PROGRAM PROJECT TASK WORK UNIT 
ELEMENT NO. NO. NO ACCESSION NO 


VIVABILITY CONSIDERATIONS DURING AIRCRAFT CONCEPTUAL DESIGN 


RSONAL AUTHOR(S) 
man, Robert J. 


YPE OF REPORT 13b. TIME COVERED 18 DATE OF REPORT (Year, Month, Day) iS PAGE COUNT 1 
ter's Thesis FROM TO 1986 March oe 


| 
PPLEMENTARY NOTATION 





LE (Include Security Classification) 


} 


COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number) 
ELD GROUP SUB-GROUP AlVGCrattestee tvability, susceptibility, vulnerability, 
[| SSS~*d?CConcepttuall design 
__ eee ; 


ISTRACT (Continue on reverse if necessary and identify by block number) 

survivability, capability, maintainability, and reliability will establish the 
‘ectiveness of a combat aircraft. Considerations for the “ilities" must take place during’ 
» conceptual design phase. Retrofit of survivability enhancement has historically 
‘reased weight, drag, and cost, while decreasing capability and performance. Proper 
lication of the six susceptibility reduction concepts and the six vulnerability 
luction concepts must take place before the design is established to maximize effective- 
SS and minimize penalties. In this thesis, the application of survivability enhancement 
hniques to the conceptual design is presented in gereral and also specifically applied 
the design of a long range Strike Fighter aircraft. General guidelines for susceptibil- 
r and vulnerability reduction for any aircraft are also presented. 


STRIBUTION/ AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION : 
UNCLASSIFIEOD/UNLIMITED () SAME AS RPT. (LJoTIC USERS UNCLASSIFIED | 
JAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (include Area Code) | 22c. OFFICE SYMBOL 
re Ball 408 646-2885 Code 6/7 
ORM 1473, 84 MAR 83 APR edition may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE 


All other editions are obsolete. 
1 UNCLASSIFIED 


Approved for Public Release; distribution unlimited 


Survivability Considerations 
during Aircraft Conceptual Design 


by 


Robert John Gilman 
Lieutenant, United’ States Navy 
B.S., United States Naval Academy, 1977 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN AERONAUTICAL ENGINEERING 
from the 


NAVAL POSTGRADUATE SCHOOL 
March 1986 


ABSTRACT 


Survivability, capability, maintainability, and relia- 
jonieda tc V will establish the effectiveness of a combat 
aircraft. Considerations for the "ilities" must take place 
Guring the conceptual design phase. Retrofit of surviva- 
bility enhancement has historically increased weight, drag, 
and cost, while decreasing capability and performance. 
Proper application of the six susceptibility reduction 
concepts and the six vulnerability reduction concepts must 
take place before the design is established to maximize 
effectiveness and minimize penalties. In this thesis, the 
application of survivability enhancement techniques to the 
conceptual design is presented in general and also 
specifically applied to the design of a long range Strike 
Fighter aircraft. General guidelines for susceptibility and 
vulnerability reduction ror any aircraft are also 


presented. 
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I. INTRODUCTION 


Incorporation of survivability in the initial design 
process of an aircraft is a concept that must be used from 
the first conceptual sketch a designer produces. Given a 
mission, which will include a payload, mission profile, and 
other mission specifications, the designer can now begin 
the design process, attempting to create the most effective 
weapon system possible that meets all OL eae 
specifications. Once the aircraft design is established, it 
may be too late to incorporate survivability features that 
will make an aircraft ready for actual combat. Post design 
survivability enhancement fixes have historically added 
weight, drag, and cost, while decreasing range or payload, 
speed, and other performance parameters. This thesis 
considers the need for survivability enhancement during the 
conceptual design process rather than depending upon 
retrofit of the aircraft to make it a survivable weapon 
system. Survivability considerations during the conceptual 
design for a long range strike fighter will be reviewed. 
Survivability must be designed into an aircraft, just as 


leading edge sweep angle is set for a design mach number. 


A. AIRCRAFT SURVIVABILITY 
How is an aircraft made to be ae survivable combat 


weapon system? This question is not easily answered because 


10 


of the complexity of the aircraft design process and the 
interaction ong the aircraft's physical parameters. 
Previously, many rules of thumb have surfaced as design 
guidelines to a survivable aircraft. These design rules 
have come from combat experience as lessons learned. During 
non-combat years, the military and defense aircraft 
industry tend to drift away from combat lessons learned due 
to cost and weight constraints. An aircraft without any 
survivability enhancement features may have a lower price 
tag and also better flight performance than a similar 
afeemart wath survivability built into it. On the surface, 
it may appear that the cheaper aircraft is a better buy. 
However, in combat conditions, the aircraft with the 
survivability features may be in fact a better aircraft. 
The term effective is used a great deal by the aircraft 
industry when discussing new designs. Combat attack 
aircraft must be effective. They must be able to reach, 
locate, and then destroy their target. However, being an 
effective aircraft and a survivable aircraft are 
interdependent goals. An aircraft that is shot down prior 
to the target is not an effective weapon system at all. 
Also, an aircraft must be able to safely return from its 
mission to complete its goal of effectiveness. Figure 1-1 
1s an illustration from Thronson [Ref. 1] and shows the 
effect of different attrition rates upon the total force. 


It is evident that 3% loss rate is unacceptable for a 


ESL 


PERCENT FORCE REMAINING 


0.2 


FORCE SURVIVABILITY 


epaewmeeeeeetpee s&s J™me = 2 ee eeeeeee 
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Figure 1-1 Force Survivability 
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conflict of any duration. Survivability enhancement must be 
a consideration during all phases of aircraft design. 
Aircraft that are not survivable do not last long as_ shown 
in Figure l-l. 

If an aircraft has survivability features that will 
allow it to fly with damage that would otherwise ground or 
kill another aircraft, it is a more effective weapon 
system. One example is self-sealing fuel tanks that are 
more expensive than wet bladder tanks. These two types of 
tanks perform exactly the same until they are hit by an 
enemy projectile. The cost of the self-sealing tank may be 


suddenly justified in terms of survivability. 


B. GOALS FOR SURVIVABILITY DESIGN 
The goals in making a combat aircraft survivable are 


listed in Table I-l. 


TABDE ©= i 
SURVIVABILITY GOALS 
(1) Delay detection as long as possible 
(2) If detected, avoid being fired at 
meet fered at, avoid being hit 
(4) If hit, avoid weapon system kill 
(SS eeeenac arora aircraft kill 


(6) If hit and not Killed, can be easily repaired 


is 


Some of the ways to achieve the above goals may seem to 
have nothing to do with aircraft design. For example, the 
tactics of an attacking aircraft may be a large factor in 
delaying detection. However, the tactics of an attacking 
alpebrare are built around the aircraft capabilities. 
Tactics employ the pilot and aircraft to accomplish their 
best in any given situation. Therefore, survivability is 


intertwined with the aircraft design. 


C. SURVIVABILITY DEFINITIONS 
The following five definitions will be used throughout 


this thesis and are taken from Ball [Ref. 2]. 


(1) Aircraft Survivability; The capability of an aircraft 
to avoid and or withstand a man-made hostile 
environment. 


(2) Vulnerability; The inability of an aircraft to 
withstand the damage caused by the hostile 
ervironment. 


(3) Susceptibility; The inability of an aircraft to avoid 
(being damaged by) the hostile environment. 


(4) Damage Mechanism; The output of the warhead that 
causes damage to the target. It is the phsyical 
description of the tangible instrument or measurable 
quantity designed to inflict damage upon the target. 


(5) Survivability Enhancement; Any particular 
characteristic of the aircraft, specific piece of 
equipment, design technique, armament, or tactic that 
reduces either the susceptibility of the vulnerability 
of the aircraft has the potential for increasing the 
survivability of the aircraft. 

Susceptibility restated is the inability of the 
aircraft to avoid being hit by an enemy threat mechanism. 


Vulnerability restated is the inability of the aircraft to 
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withstand stand that Jgiakicy = Both susceptibility and 
vulnerability are terms that denote poor traits in an 
aircraft. Thus, we want to reduce both susceptibility and 
vulnerability in any aircraft. Susceptibility reduction 
refers to survivability goals 1 through 3 and vulnerability 


reduction refers to goals 4 through 6. 


Susceptibility = PL (Probability of hit) 
Vulnerability = P (Probability of kill 
eeu te : 
given a hit) 
Probability of kill = Py = P, Prov 
Survivability = Po =l1l- Pi 
rhs , to increase aircraft survivability we need to 


decrease susceptibility and also decrease vulnerability. 
Any conflicts between decreasing vulnerability with a 
consequential increase of susceptability must be evaluated 
to determine the correct mix to maximize survivability. 
Tables I-2 and I-3 list the six susceptibility and the six 


vulnerability reduction concepts. 
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(1) 
(2) 
(3) 
cc) 
(5) 
(6) 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


TABLE I-2 
SUSCEPTIBILDL,Y REDuUcrICNeecoNncEris 
Threat Warning 
Noise Jammers and Deceivers 
Signature Reduction 
Expendables 
Threat Suppression 


Tactics 


TABLE I=3 
VULNERABILITY REDUCTION CONCEPTS 
Component Redundancy with Separation 
Component Location 
Passive Damage Suppression 
Active Damage Suppression 
Component Shielding 


Component Elimination 
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PeeesUoCh hut bliurlyY REDUCTION CONCEPTS 


A. GENERAL 

If an aircraft could be designed to have zero suscepti- 
bility in all circumstances, the aircraft would bea 
completely survivable combat weapon system. The concept of 
zero susceptibility relates to goals 1 through 3. In 
reality, no aircraft can be designed and used with zero 
susceptibility. Therefore, it is the designer's goal to 
reduce the susceptibility of the conceptual aircraft design 


to a "satisfactory" level. 


B. ELECTRONIC METHODS AND EXPENDABLES 
The first three susceptibility reduction concepts of 

Table I-1, which are: 

(1) Threat Warning 

(2) Noise Jammers and Deceivers 

(3) Expendables 
may appear to have a very small influence upon aircraft 
conceptual design. However, we must realize that the radar 
warning receiver, electronic countermeasures (ECM) equip- 
ment, and weapons payload are part of the aircraft's total 
payload. The aircraft's total payload may be used to obatin 
the initial weight approximation for further conceptual 
design calculations. For any aircraft during conceptual 


design, a combination of payload weight must be selected. 


by) 


Figures 2-1, 2-2, and 2-3 are illustrations fren 
Schlessinger [Ref. 3], where different combinations of 
countermeasures equipment and bombs are examined for a 
given size attack aircraft. The maximum payload of counter- 
measures equipment and bombs for this aircraft is first 
established at 10,000 lbs to calculate the approximate size 
of the conceptual design. Figure 2-1 illustrates the 
increase in re with an increase of countermeasures weight 
and a corresponding decrease in bombs for a typical surface 
to air missile (SAM) encounter. The figure shows that more 
countermeausres equipment is better up to a point where the 
probability of survival begins to level off. The proba- 
bility of survival is established considering all of the 
aircraft's survivability enhancement features and the 
threat. Figure 2-2 shows the mission attainment measure 
(MAM) for the same attack aircraft of Figure 2-1. The MAM 
ranges from 0 to 100% target destruction in the presence of 
the enemy threat, but without threat effects to degrade the 
MAM. The slope of the MAM curve is continuously decreasing 
as higher weapons loads and smaller countermeasures loads 
are carried. To obtainthe most effective combination of 
countermeasures equipment and bombs, the measure of mission 
success (MOMS) is calculated. 
MOMS = P_ * MAM oa 

Figure 2-3 shows MOMS vs. pounds of countermeasures 


equipment/pounds of bombs. For this example the peak MOMS 
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occurs at a countermeasure/bomb ratio of approximately 0.4. 
This is equivalent to 2,900 ibs of countermeasure equipment 
and 7,100 lbs of bombs for the total payload of 10,000 lbs. 
If the conceptual design aircraft's total payload 
remains constant, these three figures will aid in maximiz- 
ing the MOMS. However, if the aircraft's payload is 
allowed to increase with more countermeasures equipment, or 
more bombs, the design aircraft's weight, size, and Po will 
change. The payload weight is a very sensitive parameter 
for conceptual design weight calculations. For example, an 
increase in aircraft payload may mean up to a factor of 3 
times that increase in actual aircraft weight. For a new 
alrcraft design, which is heavier and certainly larger, a 
new Er must be calculated and used to pick the most 
effective countermeasures load and weapons’) load 


combination. 


C. THREAT SUPPRESSION 

Threat suppression is the fourth method listed for 
susceptibility reduction. This is a very active means of 
increasing survivability. Any type of action that causes 
the enemy to reduce the amount of anti-aircraft threat, 
will most likely increase survivability. Self-protection 
missiles and anti-radiation missiles (ARM) are examples of 
threat suppression. They can significantly affect the 
Survivability and success of a strike. The ability to carry 
and effectively use threat suppression weapons should be 


considered in any new aircraft design. 
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D. SIGNATURE REDUCTION 
A military aircraft has many different types of signa- 
tures or observables. These signatures are: 
(1) Visual 
(2) Radar 
Slime rared 
(4) Aural 
(5) Electromagnetic Emissions 
These signatures are important parameters when the combat 
aircraft is in the conceptual design stage. The reduction 
of all of the above signatures are extremely important 
because the enemy will use these signatures to detect, 
guide, and possibly fuse antiaircraft weapons. 
1. Visual Signature Reduction 
The Ie onbug parameters that affect the visual 
Signature of an aircraft are luminance, chromaticity, 
clutter, and movement. Luminance is the most important 
parameter effecting the visual signature. The difference 
between the background luminance and the aircraft luminance 
is the parameter of interest. Special paint and aircraft 
lighting can reduce the visual signature of an aircraft by 
reducing the contrast of luminance. For the aircraft design 
team, the major impact of visual signature is physical 
size. The smaller the aircraft the less effect luminance 
contrast will have. Because many anti-aircraft weapons are 


visually directed, a smaller aircraft may have a better 


Zs 


chance for survival and also be more effective because it 
ls harder to see. 

Aircraft engine exhaust smoke is also a major 
contributor to the visual signature. However, modern 
combustion techniques may have solved the exhaust smoke 
problem of turbojet and turbofan engines. 

2. Infrared Signature Reduction 

The parameters for the designer that affect the 
infrared signature are engine temperatures, the exhaust 
plume, aircraft surface emissivity and reflectivity, and 
other heat producing aircraft components. If aircraft hot 
parts can be cooled or masked, any infrared (IR) counter- 
measures used will be much more effective. 

The use of turbofan engines reduces the temperature 
of the exhaust gases due to the mixing of cool bypass air. 
The afterburner of a turbofan however, is much hotter than 
the afterburner of a turbojet because more fuel must be fed 
to the afterburner section to completely burn the extra 
bypass air. 

The exhaust plume IR radiation may be reduced by 
mixing cooler air with the exhaust just before or immed- 
lately after the exit nozzle. A nozzle that can cool the 
exhaust plume quickly, is a two-dimensional nozzle. The 
circular turbine exit duct is transitioned to a rectangular 
exhaust nozzle. The two-dimensional nozzle vortices from 


the nozzle corners, induce quick mixing of the exhaust and 
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ambient air. More nozzle perimeter may also help reduce the 
IR signature. 
3. Radar Signature Reduction 

The conceptual design is the most important 
starting point for the reduction of the aircraft's radar 
Signature. Aircraft radar cross section (RCS), in square 
meters, is the measure of radar signature. Just about every 
conceptual design parameter will have an effect upon the 
RCS of the aircraft. The radar range equation from Ball 


(Rem. 2.) 
R= ((2eG.@A.VWiAT) Suan] (2825) 


Shows that if o, the RCS of the aircraft is reduced by 50%, 
the detection range R is reduced by 16%. A benefit of RCS 
reduction that has a earlier payoff is the on-board ECM 
equipment becomes much more effective. The on-board jammer 
operates one way (between aircraft and radar) so the burn 
through range (where the target RCS can be seen through the 
jamming) varies as the 1/2 power with o From Ball [Ref. 


2], the radar equation in the presence of jamming is: 


2 = ((P_G i (ees) 


mCmol@TAtance ATT) 


aaa 


This equation shows that a 50% reduction in o@ (RCS), will 


reduce the burn through or detection range by 30%. The 
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above examples of 50% reduction of RCS may seem like a 
large amount, but actual RCS reductions of 80% to 90% may 
be possible. 

Figure 2-4 is taken from Ball (Ref. 2], and 
illustrates equations (2.2) and (2.3). The figure shows 
that the benefit of RCS reduction, is reduced detection 
range. Another benefit of RCS reduction, is the on board 
jammer power required to maintain a constant jam to signal 
(J/S) ratio also decreases with RCS reduction. Reduced 
jammer power required will mean a smaller and lighter 
jammer, which are both beneficial results to the design. 

From Ball [Ref. 2], there are three methods to re- 
duce the RCS of an aircraft. 


(1) reflection of the radar signal away from any receiving 
antenna 


(2) absorption of the radar signal by attenuation or 
interference 


(3) active interference with surface currents 
Methods 1 and 2 will directly affect the conceptual design 
process. Method 3 is an electronic or material method which 
may mean an increase of electronic weight. 

Most aivnerat tc COnceEDUction materials act as 
reflectors to a radar signal. RCS reduction method 1 
attempts to reduce the radar reflected toward the receiver 
as much as possible. This is done by designing the aircraft 
with curved smooth surfaces and reducing the number of 


sharp protrusions and indentations or cavities. Locations 
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on the aircraft where a radar signal can reradiate off 
multiple aircraft surfaces, are more likely to reflect the 
Signal in the direction of the radar receiver. Also, for 
materials that are radar transparent, care must be taken to 
prevent radar backscatter from behind the transparent 
exterior. Present construction materials used to make 
radomes and canopies are examples of materials that allow 
the radar Signal to pass through. Structural composites may 
also be transparent to a radar signal. However, if a radar 
reflective material is under the composite, the resulting 
aircraft RCS may be much higher than expected. Major 
contributors to aircraft RCS are: 

(1) engine intakes 

(2) external weapons stations/racks 

(3) external weapons 

(4) pod mounted engines 

(5) radar compartment 

ho) ~COCKpiIt 

(7) wing/fuselage interface 

(8) exterior lights compartments 

(9) external mounted antennas 

(10) leading edges of the wing and stabilizers 

Radar absorbent material (RAM) can be used in 

vehicle areas where reflection of the electromagnetic 
energy away from the radar receiver is difficult. However, 


the RAM may be very heavy material, and its radar absorbent 
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qualities may be frequency dependent. RAM can be used by 
the design team in those local areas of high RCS where 
reflection away from the radar receiver is impractical due 
to costs or conflicting design goals. 
4. Aural Signature Reduction 

The aural signature of an aircraft may be a factor 
mi thee direrart's survivability during combat. With 
reduction of the aural signature, detection of the aircraft 
may be delayed. Antisubmarine aircraft may be more 
concerned with aural signature than fighter or strike 
aircraft due to the battle field they probably will operate 
ay. Propulsion systems contribute most of the aural 
Signature, and different methods can be used to reduce the 
level of noise. Current civilian aircraft use noise 
reduction designs to reduce noise around alrpor ts. 
Trade-off studies will indicate the benefit of noise 
reduction designs verses performance and cost. 

5. Electromagnetic Signature Reduction 

The electromagnetic emissions from a military 
aircraft must be considered when designing for low aircraft 
Signatures. While intentional electromagnetic emissions may 
aide the aircrew in accomplishing their mission, the enemy 
may use the aircraft's electromagnetic emissions to detect 
and fire upon the aircraft, particularly if the other 
signatures have been significantly reduced. Communication, 


navigation, and weapons delivery equipment that are 


INS, 


passive, or are of very short duration, reduce the active 


emissions from the aircraft. 


E. TACTICS 

Susceptibility reduction by the use of tactics is a 
very important method of increasing survivability. Tactics 
Pots combat aircraft vary greatly depending upon the 
aircraft, mission, threat, weapons, and many other 
influencing conditions. The use of proper tactics will give 
the combat aircrew the best chance to complete their 
mission and safely return. The tactics are essentially 
built around the aircraft's capabilities and the mission it 
Ls” COM ru be Lees 

When the military sends a request for proposal (RFP) to 
industry, the tactics that the future aircraft will use 
have had a direct impact upon the specifications contained 
in the"REP. In a sense,  themthreat thatthe alrerartt) wim 
meet drives the tactics, and the tactics drive the RFP 
(Specifications). The aircraft company now must design an 
aircraft that will meet as many of the specifications 
possible and be more "attractive" than the competition. 
Table II-1l contains many conceptual design parameters that 


will influence’ the tactics of ene alteraree 
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Serene t Ure DBotGN PARAMETERS THAT INFLUENCE TACTICS 


(1) 
(2) 
(3) 
> 
(3) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


(13) 


Mission Profile 

Max Speed (Sea Level and Altitude) 
Turning Performance 

Boaad Factors 

Range 

Endurance 

Take Off Distance 

Landing Distance 

Signatures 

Weapons Payload (Type and Number) 
Avionics and Countermeasures Equipment 
Instrumentation (Radar, Cockpit Displays) 


Special Capabilities (in Flight Refueling, Carrier 
Mavmeh/Arrest, etc.) 
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III. VULNERABILITY REDUCTION CONCEPI'S 


A. GENERAL 

The reduction of aircraft vulnerability takes into 
consideration that the aircraft has already been hit by one 
or more damage mechanisms. Survivability goals four through 
six of Table I-1l are associated with aircraft vulnerability 
reduction. Table I-3 lists the six vulnerability reduction 
concepts that will be discussed in this chapter. The con- 
ceptual design team should always take into consideration 
the vulnerability of the design of the aircraft and strive 
to reduce it. 

To determine the vulnerability of an aircraft, the 
possible causes of an aircraft kill must be identified. The 
damage or loss of any component that leads to an aircraft 
kill is identified as a critical component. Table III-1 
lists five possible critical components. Each of the 
eh enlicalfeysul components is evaluated to determine the 
probability of component kill (Pen)? given a hit on the 
component. The Pay for each component is calculated due to 
impact of a fragment or penetrator. The determination of 
Peyh is difficult to accurately determine. Testing of the 
component to determine the component probability of kill 
will aide the analysis, however, incendiary effects, 


fragment breakup, and spall must also be considered. The 
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more protected a component, the lower the Prov may become 


due to reduced or zero velocity of impact. 


PAB ies slr t=: 
POSSIBLE CRITICAL COMPONENTS 
(1) Pilot 
(2) Propulsion System 
(3) Fuel System 
(4) Flight Control System 


(5) Major Structural Members 


The area of the component presented to the damage 


mechanism is multiplied by the component P to obtain the 


k/h 
component vulnerable area (A.). Each component vulnerable 
area will change with different aspect to the damage 
mechanism shotline. Components that are redundant or 
provide a backup function, (e.g., two engines) are called 
redundant critical components if the loss of more than one 
of these components leads to the loss of the aircraft. The 
aircraft vulnerable area (AL), is the combination of the 
individual nonredundant and redundant critical component 
vulnerable areas. The vulnerability reduction concepts of 
Table I-3 will reduce the vulnerable area of the critical 
components and the vulnerable area of the aircraft. The 
goal of a "small" vulnerable area should be strived for by 


the design team. 
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B. COMPONENT REDUNDANCY WITH SEPARATION 

The entire aircraft, from the major aircraft systems to 
the weapons the aircraft will carry, must be evaluated to 
determine the nonredundant and redundant critical com- 
ponents. Once these critical components are identified, the 
addition of a similar or identical component for the 
purpose of redundancy will move the nonredundant critical 
component to the list of redundant critical components. 
With each change of a nonredundant critical component to a 
redundant critical component through the addition of redun- 
dant components, the total vulnerable area of the aircraft 
will be reduced. With any component redundancy that is 
designed into the aircraft, the redundant components must 
be separated to preclude a single hit from killing both 
components. 

In “aeeaicion, further vulnerability assessment for 
multiple hits on the aircraft may indicate a requirement 
for more redundancy (i.e., four flight control computers). 
Not all nonredundant critical components will increase 
survivability through redundancy. If the damage of an 
nonessential component will cause the ultimate loss of 
another Pallant essential component, the damaged 
nonessential component is also a critical component. The 
damage modes of a component that could cause ultimate loss 
of the aircraft are explosion, fire, and loss of essential 


fluids. Examples of these damage modes are: 


34 


(1) liquid oxygen (LOX) bottles explosion 

(2) ammunition drum explosion 

(3) fuel tank fire/explosion or loss of fuel 

(4) loss of essential hydraulic fluid 

For the designer, the above discussion means that 

redundancy of any critical component that reduces the 
aircraft's vulnerable area is highly desirable. However, 
redundancy of critical components with adverse damage modes 
may increase AL, and decrease aircraft survivability. fThe 
damage mode and effects analysis (DMEA) of each component 
being studied must be conducted to determine the damage 


effect upon the vulnerable area. 


C. COMPONENT LOCATION 

Pesieroning of critical components during the aircraft 
design process has a direct impact upon the aircraft's 
vulnerability. From Ball (Ref. 1], component location 
design techniques include: 


(1) positioning noncritical or tougher components to 
provide shielding for critical components 


(2) effectively separating redundant components to ensure 
true single hit redundancy 


(3) compactly grouping or overlapping critical components 
to reduce the aircraft vulnerable area or to present 
the least vulnerable aspect to a damage mechanism 

4) locating or isolating components such that the 
possibility of cascading damage is reduced or 
eliminated 

An example of improper positioning of a component is 


placing fuel tanks above, next to, or directly below any 


hot surfaces such as engines or hot bleed air lines. If an 
enemy penetrator initiates a fuel leak onto the hot 
surface, fire damage or explosion may cause loss of the 


aircraft. 


D. PASSIVE DAMAGE SUPPRESSION 

Passive damage suppression is any vulnerability re- 
duction feature that tends to contain or reduce the damage 
effects of a damage causing mechanism. Further, the passive 
term indicates that the survivability feature is built into 
or around the system, and initiates no responsive action 
following a hit by a damage mechanism. Passive damage 
suppression design techniques include damage tolerance, 
ballistic resistance, delayed failure, leakage suppression, 
fire and explosion suppression, and fail-safe response. 

1. Damage Tolerance 

Damage tolerance means that any aircraft component 

can continue to operate at an acceptable level after being 
damaged. This design technique also means that damage to a 
component will not propagate to other critical components. 
An example of a damage tolerant component is the aircraft's 
control surfaces. An elevator that is missing 25% of its 
surface area may not operate to peak efficiency, but with 
direct mechanical controls, the aircraft may still be 
controllable. 

2. Ballistic Resistance 

Ballistic resistance means that part or all of a 


damage mechanism is prevented from penetrating the 
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component. Most ballistic resistant materials are high 
strength and also very heavy in weight. The designer must 
consider the weight penalty and possible increase of 
susceptibility with the use of ballistic resistant mater- 
ials. The designer may employ this technique by protecting 
a critical component with a ballistic resistant casing or 
by fabricating the component from a ballistic resistant 
material. An example of ballistic resistance is a flight 
Bemerol rod that is built to repel a high velocity 
fragment. 
3. Delayed Failure 

Delayed failure of a component will allow the 
aircraft to safely continue flight for a period of time 
after a damage mechanism has’ struck the aircraft. The 
desired length of time that a component will operate 
depends upon the function performed and the aircraft's 
mission. Time until failure of these components will range 
from allowing a safe return to base, to long enough to 
allow the crew to eject from the aircraft while if still in 
controlled flight. An example of delayed failure is an 
aircraft engine that will operate for a "long" period of 
time without lubrication. 

4. Leakage Suppression 

The prevention of leakage of any aircraft fluid is 
highly desirable. The retention of the fluid for use and 
also the prevention of the fluid from entering an area that 
could result in combustion are two benefits of self-sealing 
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design. Self-sealing construction has penalties of cost, 
weight, and increased size. 

5. Fire and Explosion Suppression 

Many projectiles are designed to cause combustion 
related damage after penetration. Antiaircraft artillery 
(AAA) projectiles may be either high-explosive (HE) or 
armor-piercing (AP). These projectiles may also contain an 
incendiary mixture (I) or a tracer material (T). HE-I 
antiaircraft projectiles are very common and are designed 
to produce secondary combustion damage to the aircraft. Any 
combustible material that can be ignited by the HE-I 
penetrator may cause a great deal of damage or even loss of 
the amrcraft. 

The suppression of fire and explosion can greatly 
decrease the vulnerable area and increase survivability due 
to the large amount of flammable material carried by 
tactical aircraft. Techniques to suppress fire and explos- 
ion are to prevent ignition, or to prevent the flame front 
propagation after ignition first occurs. 

The design team must recognize any areas where combust- 
ion could occur. Fuel tank ullages and voids near fuel 
tanks or engines may provide the proper fuel air mixture 
for combustion. The removal of the combustible vapor by a 
forced inert gas system will not allow ignition to occur 
from any HE-I projectile or other source. Flexible foam in 
the fuel tanks will reduce the possibility of damage due to 


overpressure if ignition occurs. All of these survivability 
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enhancement features have design penalties. The penalties 
may include increased cost, weight, maintenance, and 
decreased fuel volume available. 
6. Fail Safe Response 

Any component that must be controlled over a wide 
range of conditions may become uncontrollable and revert to 
an unflyable operation if damaged in combat. Engine 
throttle control is a good example of the possible 
application of this technique. If the throttle to fuel 
control linkage becomes severed, fail-safe response will 
position the engine at a flyable power setting. Movable 
engine intake ramps are also critical to allow proper 
operation of the engine. If a ramp goes to a supersonic 
position while at low speed, a great deal of thrust is 
lost, possibly resulting in loss of the aircraft. Component 
designers must consider all possible damage to equipment 


ie may be critical to flight. 


E. ACTIVE DAMAGE SUPPRESSION 

This design technique will actively reduce or contain 
the damage effects caused by a damage mechanism. The system 
incorporates a damage sensing ability with either an 
automatic response or a warning light to allow the pilot to 
take appropriate action. The most common example is a fire 
warning indicator with automatic or pilot operated fire 
extinguishers. Another example, is a fluid level sensor in 
the hydraulic reservoir that can detect a hydraulic leak 


and isolate the leak by an automatic isolation valve. 
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F. SHIELDING 

The shielding of a component prevents the damage 
mechanism from reaching the component. Shielding may also 
be used to separate components and therefore isolate any 
damage. Because shielding must be very strong, the weight 
penalty may be significant. If shielding is necessary, the 
armor may be designed as a functional load carrying part of 
the aircraft. If armor plate is installed only in the 
shielding roll, it is parasitic; armor plate that is 
attached on the outside of an engine bay door is parasitic. 
However, if the engine bay door is constructed of a 
shielding material, the aircraft weight may be reduced. 
Shielding may also be used to separate two engines that are 
physically very close together. Damage to one engine can 
not cascade to the other engine because of the shielding 


between them. 


G. COMPONENT ELIMINATION 

The removal of a critical component from the design may 
decrease the aircraft's vulnerability if the function the 
component performed is no longer required, or another less 
vulnerable component can replace ie. If complete 
elimination cannot be accomplished, any reduction of size 
will be beneficial. An example of component elimination is 
a fuel efficient aircraft that requires less fuel to 
accomplish its mission. Smaller fuel tanks mean less 
weight, reduced cost, and hence less vulnerable area. 
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Another example, is the replacement of LOX containers with 


a less vulnerable on-board oxygen generation system. 


H. FINAL THOUGHTS 


During conceptual design, most individual component 
designs are not considered. However, the size of each 
component, the location of the component, and system 
routing could affect conceptual design decisions. If this 
affect is not considered in the conceptual design, a latter 
change of the the design to reduce vulnerability may not be 
allowed, because of performance and/or fiscal constraints. 

Designing an aircraft without concern for vulnerability 
reduction, because the aircraft's performance reduces it's 
susceptibility, may be very short sighted. Antiaircraft 
threats are increasing in capability with every new system 
introduced. Also, a 20 million dollar aircraft that is 
killed by a 200 dollar 7.62mm small arms weapon, is not 
justified. Performance and capability are required of 
modern combat aircraft, but because of their high cost, the 
purchase of high numbers of advanced aircraft may not be 


possible. 
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LV. SURVIVABILITY FROM THREOREOURS FORVERGECo As 


A. THE REQUEST FOR PROPOSAL 

The Department of Defense (DOD) has the very difficult 
task of predicting national defense threats. The DOD must 
study the threat and propose a system that can counter it. 
Because new aircraft systems may take ten to twelve years 
or more to design and begin construction, the sooner the 
defense industry and the DOD can select a design to 
develop, the quicker an aircraft can be put into service. 

The RFP from DOD to the aircraft industry is the first 
draft of the specifications that may be required for the 
system. The specifications that are contained in the RFP 
are an attempt to meet the proposed threat that this 
vehicle will counter. The RFP specifications may be very 
specific, or they may prescribe the general outline of a 
new system and allow the defense industry to develop a 
detailed solution. 

The aircraft conceptual design process is the 
systematic approach by the aircraft industry to satisfy the 
requirements of the RFP. The conceptual design phase is the 
idea level where aircraft shape, major component location, 
and sizes are studied. The conceptual design process will 
define the following: 


(1) Concept that should be selected for more detailed 
design study. 
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(2) Technology of the aircraft that must be developed. 
(3) Technology risk assessment of new systems. 

(4) Impact of the required technology upon the concept. 
(5) Economic constraints and risk assessment. 

Table IV-1 lists possible RFP specifications that DOD 
may send to he aircraft industry, Some of these 
requirements may be specific, and others may indicate the 
general desires of the DOD. The example of size/weight 
limitations may come from aircraft carrier restrictions. 
Many of the specifications deal with aircraft capabilities. 
These capability specifications may directly affect the 
aircraft's susceptibility (e.g., the specifications on 
Signatures and performance), and the "survivability" speci- 


fications may mainly address the aircraft's vulnerability. 


mee SURVIVABILITY CONSIDERATIONS 

The requirements of the RFP are guidelines that are 
used EO begin the conceptual design process. The 
requirements that are given will be used to estimate the 
alrcraft's weight/siZe, aerodynamics, and propulsion 
parameters. These parameters are then packaged together to 
give design concepts that will be candidates for further 


design study. 


As in many engineering disciplines, some design 
objectives may conflict with other, also important, 
parameters. This is especially true when considering 
survivability enhancement features. An example of 
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TABLE IV-1 


POSSIBLE RFP REQUIREMENTS 


CONFIGURATION 

1. Size Limitations 

2. Gross Weight Limitations 
3. Signature Considerations 
4. Crew 

PERFORMANCE 

1. Mission Profile 

2. Weapons Payload 

3. Max Speed 

4. Ceiling 

5. Approach Speed 

6. Takeoff Distance 

7. Landing Distance 

8. loeadsracrors 

9. Turning Performance 

10. Acceleration 


SPECIAL CONSIDERATIONS 


ihe 


Ze 


Life Cycle 
Maintenance 
Reliability 
Avionics and Countermeasures Equipment 


Survivability 
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increasing the maximum speed of a design will mean larger 
engines and also larger fuel tanks to fly the higher speed. 
The increased speed may decrease susceptibility, but the 
larger engines and fuel tanks will probably increase 
vulnerability. This conflict of parameters has led to 
survivability being a consideration after the design has 
been completed. Mott and Freitag [Ref. 4:pp 46-47] discuss 
the problems and deficiencies of current aircraft design 
practice. The discussion focuses on the problem that 
aircraft survivability has not been a part of the 
conceptual design process. This problem is most recognized 
when retrofit or follow-on design survivability enhance- 
ments cause performance compromises and/or significant cost 
increases that would not have been required if done during 
conceptual design. 

The conceptual design process today is heavily 
computerized. The automation of the design process permits 
the quick analysis and evaluation of the concepts under 
study. Simplified engineering computations that often rely 
on his terivea l data are the basis for the computer 
automation. The historical data provides the data base for 
inal siignidg, Yoptiamization, Yand@trade “eff studies. The 
incorporation of survivability enhancements in the computer 
computations may not exist at this point because the 
aircraft of the past have not been specifically designed 


for survivability. New technology impact, incorporation of 
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survivability enhancement, and unusual aircraft configur- 
ations have to be adjusted for, because previous aircraft 
statistics cannot account for these new design factors. 
1. Susceptibility of the Design 

The ability of the aircraft to avoid being hit by 
an enemy damage mechanism depends upon many factors. Many 
RFP specifications will Gitect ik influence the 
Susceptibility of a design. Many specifications will affect 
several design parameters, and as mentioned previously, 
some desired specifications may compromise other design 
goals. A brief presentation is given below of the impact of 
some One the design specifications can have upon 
"Survivability." 

a. S§12Ze 

In general, the smaller the aircraft, the 

harder the aircraft is to hit. Smaller size may also 
contribute to reduced signatures. 

b. Weight 

The weight depends somewhat upon size, however, 

many light weight materials such as composites may replace 
heavier aircraft materials without loss of strength. 
Reduced weight will affect many performance parameters as 
well as allowing smaller engines (same thrust/weight), 
smaller wings (same wing eacdaric jy and increased 


weapon/fuel payload. 
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c. Signature 
The reduction of all aircraft signatures can 
decrease susceptibility. During conceptual design of a 
strike fighter aircraft, the radar and visual signatures 
will be most affected by aircraft materials, paint, 
geometry, and size. IR signature reduction is mostly a 
function of the engines and nozzles. 
@. Mission Profile 
The profile should utilize the best cruise 
altitude and mach number until detection becomes possible. 
From the possible detection point, minimum exposure time to 
hostile action while maintaining a minimum detection 
profile is desired. 
e. Weapons Payload 
Because the payload is such a sensitive design 
parameter, the minimum acceptable weapons payload should be 
considered. Increased accuracy of weapons (e.g., precision 
guided) will allow reduced payloads at the same mission 
attainment measure. Longe range launch and leave weapons 
will allow the aircraft greater flexibility in the target 
area, and greater offensive range. Reduced payloads will 
also allow smaller aircraft size or increased fuel load and 
range. 
f. Maximum Speed 
The less time the aircraft is exposed to enemy 


action, the less susceptible the aircraft will be during a 
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ground attack. High speed may also increase tracking 
errors. Speed for the fighter role, will increase available 
maneuverability and intercept capability. Enemy missile 
threat envelopes may decrease in size due to increase 
speed. 

g. Turning Performance 

Higher EUrhNG performance may give the 
aircraft an advantage in the air to air role. For the air 
to ground mission, high turn rates used in jinking may 
reduce firing accuracies of antiaircraft weapons. 

2. Vulnerability of the Design 

The last RFP requirement of Table DV=1) ss 
Survivability. The survivability of the aircraft after 
being Iglelie depends upon its vulnerability. The 
survivability requirement of the RFP normally addresses 
vulnerability reduction as earlier specifications relate to 
Susceptibility. The ability of the aircraft to withstand a 
hit by an enemy projectile is influenced by many factors. 
The reduction of vulnerable area of the design will 
decrease vulnerability and thus increase aircraft 
survivability. 

Figure 4-1 is from Briggs [Ref.5], and shows combat 
aircraft losses by functional area. This data, derived from 
the South East Asian conflict, indicate that the fuel 
system was the highest cause of aircraft loss. This agrees 


with the fact that the fuel system normally presents the 
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largest area to enemy damage mechanisms and has the largest 
Pah’ 
The six vulnerability reduction concepts will be 
considered in each of the following aircraft functional 
areas, that have historically been the most vulnerable. 
(1) structures 
(2) crew station 
(3) propulsion system 
(4) fuel system 
(5) flight control system 
Where the designer must compromise between vulnerability 
reduction and susceptibility reduction, a study of the end 
results must be made to determine the best selection of 
susceptibility and vulnerability reduction concepts. 
a. Structures 
The structure of the aircraft includes all load 
bearing and aerodynamic shaping structures. The design of 
the primary structures should be redundant to allow for 
OIL AL loading after damage has occurred. The entire 
structure should also be as damage tolerant as possible to 
reduce design vulnerability. The materials used in the 
construction of the aircraft will greatly effect the 
vulnerability of the structure. Desired material properties 
are increased strength, and reduced weight, cost, and 


COrPrOosSion. 
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b. Crew Station 

Although the crew station presents a small area 
to the enemy, it must be a part of the vulnerability 
reduction effort during the design level. Space around the 
cockpit is limited, so proper placement of mnoncritical 
components may provide some protection for the crew. 
Shielding of the aircrew and critical components in the 
cockpit, may be required to protect the crew station from 
threat projectiles. Parasitic shielding with armor should 
be avoided, as extra weight and bulk may be a penalty. 

c. Propulsion System 

The propulsion system includes the engine, 
intake, exhaust duct, lubrication system, accessories, and 
engine power controls. All of this equipment must be in 
good operating condition for the propulsion system to 
produce designed thrust for the aircraft. Because these 
subsystems are critical to the production of thrust, the 
vulnerable area of the propulsion system may be high. 
Complete loss of engine thrust may come from foreign object 
ingestion, inlet flow distortion, and fuel ingestion. All 
Six vulnerability reduction concepts may be used to 
increase the survivability of the propulsion system. 

Redundancy with separation, will prevent 
alrcraft kill from a single hit. Separation of multiple 
propulsion subsystems is required due to adverse damage 
effects that may cascade from one component to another, and 


teomprecmucde a single hit kill. 
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Proper location of the propulsion system 
components, may prevent aircraft kill. Propulsion system 
hot surfaces should not be near any type of flammable 
substance in order to prevent fire or explosion. Engine 
intakes and fuel tank interfaces should be avoided to 
prevent fuel ingestion, foreign object ingestion, or inlet 
flow distortion. 

Passive damage suppression can be applied in 
many ways to reduce the probability of propulsion system 
kill. The engine may be less complex and have less moving 
parts, resulting in the ability to construct the engine 
with greater damage tolerance. Ballistic resistant 
construction of critical components in the propulsion 
system may be considered. Lubrication systems may be 
constructed of self-sealing materials. Engine throttle 
controls may be designed to fail to a flyable power setting 
if the system is severed. 

Active damage suppression may include ae fire 
detection and extinguisher system in each engine bay with 
multiple shot capability. Engine performance instruments in 
the cockpit may allow early shutdown of a damaged engine 
and prevent secondary damage effects. Automatic engine 
shutdown may be considered in multiple engine aircraft, 
however the ability to override the automatic shutdown 
should be available to the pilot if the situation calls for 


drastic measures. 
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Component elimination can directly reduce the 
vulnerable area of the propulsion system. Furthermore, the 
reduced number of components may reduce the size and weight 
of the engine. 

Shielding critical components that are still 
vulnerable to damage mechanisms should be considered after 
other vulnerability reduction concepts have been applied. 
Parasitic shielding should be avoided, as extra weight will 
be a penalty. Shielding may also act as the firewall to 
contain areas of possible fire and explosion. 

dad. Fuel System 

The fuel system may represent the largest 
contributor to the aircraft vulnerable area. Vulnerability 
reduction can greatly reduce the Pen and thus the 
vulnerable area of the fuel system. The fuel system 
includes the fuel tanks, transfer lines, pumps, and valves. 
Fuel depletion, fire/explosion, or hydraulic ram may lead 
to aircraft kill. Fuel depletion may be prevented by; 

(1) self-sealing tanks and lines 
(2) redundant tanks and lines 
(3) ability to cross feed tanks and engines 
(4) capability to gravity feed engines 
(5) transfer lines inside fuel tanks to reduce vulner- 
able area 
Fuel fire and explosion suppression techniques may include; 


(1) fire detection and extinguishers 
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(2) forced inert gas in fuel tank ullages and voids 
(3) fuel tank foam to reduce explosion overpressure 


(4) material in dry bays, voids and ullages to prevent 
explosive mixtures 


(5) antimisting fuels 

Hydraulic ram is a damage process of a 
compartment that contains a fluid. When a penetrator enters 
a liquid compartment, energy from the projectile is 
transferred by pressure waves through the fluid. The tank 
may suffer severe rupture due to the high pressures on the 
walls of the container. The hydraulic ram damage may affect 
other components if the tank walls are adjacent to other 
critical components. Hydraulic ram damage may be reduced 
by; 


(1) minimum fuel tank, engine and engine intake interface 


(2) dual walled tanks where adjacent components are 
Chltieal 


(3) smooth fuel tank contours to prevent high pressures 

(4) tear resistant tank materials 

(5) large volume tanks may absorb greater pressures 

e. Flight Control System 
The flight control system includes all control 

surfaces, control linkages, flight control computers, and 
the hydraulic systems to power the control surfaces. 
Disruption of control signal, loss of control power, loss 
of motion sensors, damage of a control surface, and 


hydraulic fluid fires may lead to an aircraft kill. The 
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control system was the third largest Centmasbutor es tO 
aLBenate vulnerability during the South East Asian 
Cone lict. 

Direct mechanical control systems are changing 
to analog or digital fly by wire control systems. Advances 
in flight control technology with high speed computers 
allow the designer to relax the static stability of the 
aircraft to increase the aircraft's performance. Component 
vulnerable area of vase complex control systems may be 
reduced by applying the six vulnerability reduction 
concepts. 

Redundancy of the entire control system may 
prevent a single hit kill. Greater redundancy of vulnerable 
systems may be considered to reduce probability of kill to 
multiple hits. Control surfaces may also be designed to be 
redundant. Independent vertical tails, leading and trailing 
edge devices, speed brakes, and horizontal tails may 
provide adequate COntpoleef sone controls surfacemmis 
completely ineffective. For fly by wire control systems, 
the flight control computer must be able to sense the loss 
of a control surface and apply the remaining control 
surfaces to the aircraft control laws. This system may be 
referred to as a self healing flight control system. 

Component location may prevent the loss of 
several components due to one hit. For example, redundant 


Conmerol cables or wire bundles should not be collocated’ 
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They should be routed to take advantage of other components 
as protection, and also separated by enough distance to 
ensure true single hit redundancy. 

Fail-safe response shall be designed for all 
control surfaces. Given any control component failure, no 
control surface shall be given a hard over command. This 
may allow time for corrective action or at least time for a 
controlled ejection. 

Active damage suppression may be applied to 
reduce the Pah of the control system. The ability to 
Switch from a fly by wire to a jam free mechanical system 
is an active response to a failure. 

Shielding of flight control components is a 
possible way to reduce the vulnerability. However, proper 
redundancy with separation may be a better use of the extra 
weight. If shielding is still to be used, it should protect 
as many critieall components as possible without 
compromising redundancy with the lack of separation. 

Component elimination can reduce vulnerable 
area by reducing the physical size of the control system. 
The smaller system will also be harder to hit. High 
technology flight computers are being built smaller and 
smaller which reduces vulnerable area. Hydraulic actuators 
that only contain fluid for themselves will reduce the 


vulnerable area by elimination of the lines and reservoirs. 
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C. LONG RANGE STRIKE FIGHTER RFP 

A long range strike fighter will be examined here as an 
example of the survivability enhancement features 
previously discussed. The aircraft as designed, must be 
able to perform its mission, and survive in the hostile 
environment. 

A multirole strike fighter may be a compromise of 
performance goals, but because of the high cost of combat 
aircraft and limited space on aircraft SESE, 
multimission aircraft must be considered. Air superiority 
over the battle field and also the ability of self 
protection must be included. The example guidelines for the 


aircraft are given below. 


in Configuration 

The Strike Fighter must be capable of operation 
from aircraft carriers. All size and weight limitations 
associated with carrier operation shall be met. Both size 
and weight shall be as small as possible while still 
satisfying all specifications. 

All aircraft signatures shall be as small as 
possible. The visual signature shall be reduced by small 
size prior to applying other visual reduction techniques. 
The radar cross section shall be reduced to delay 
detection. Internal weapons, fuel, and electronics shall be 


considered to reduce the RCS. RAM and active interference 


shall be considered following all efforts to reflect the 
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radar signal away from the radar receiver. The infrared 
signature shall be reduced to minimize aircraft 
susceptibility to IR detection and missiles. A two 
dimensional nozzle shall be considered to reduce the IR 
radiation of the exhaust plume. Aural signature shall be as 
small as possible, however there shall be no compromise of 
performance capability. 

The strike fighter crew size shall be as small as 
possible without sacrificing aircraft Eocene Crew size 
shall be no more than two. 

2. Performance 

The Strike Fighter mission profile is shown in 
Figure 4-2. Maximum range altitude and mach number is flown 
until maximum enemy radar range. From that point, speed 
shall increase to minimize the reaction time available to 
the enemy. At the range of predicted radar detection, low 
altitude ingress shall be flown utilizing the terrain to 
reduce detection possibility. Speed in the target area 
shall be at least mach 1.2. Supersonic weapons delivery is 
desired. 

Weapons payload of the strike fighter are four 1000 
lb medium range Skipper weapons, two Sidewinder air to air 
missiles, and one 20mm gun with 300 rounds. The internal 
bomb bay shall also be able to carry and launch two Harpoon 


anti-ship missiles in place of the Skipper weapons. 
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Other strike fighter performance specifications are 


listed below: 


(1) max speed at altitude: mach 1.8 
(2) max speed at sea level: mache. 2 
(3) max ceiling: 50 7OOOse t . 
(4) approach speed: 135 kts 
(5) take off distance: 2000REE- 
(6) landing distance: S500 fry 
(7) max load factor: n= 9 

(8) sustained turn(M=.9, 15K) 16 deg/sec 
(9) instantaneous turn(.9, 15K) 22 deg/sec 


(10) acceleration(.9 to 1.4, 30K) 50 sec max 
3. Special Considerations 

The special considerations of the strike fighter 
RFP directly affect conceptual design. The life cycle of 
the aircraft will have an impact upon the size and weight 
of all load bearing structures. Maintenance and reliability 
may affect the decisions on the location of each aircraft 
component. Easy access to components that require frequent 
maintenance is desired. Avionics and countermeasures 
requirements of the RFP may go into great detail to specify 
the capability required. The designer must reserve space in 
the aircraft design for all equipment, and also provide the 
required environment. Location of the avionics and 
countermeasures equipment should be considered. Strike 


Fighter avionics and countermeasures equipment shall be 
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located to reduce aircraft RCS, and drag. Location of the 
electronic equipment shall not compromise their own 
performance. 

Survivability specifications of the RFP set the 
vulnerability posture of the design. Specific guidance for 
vulnerability reduction may be given, however the Strike 
Fighter RFP presented here will give general guidance and 
allow the aircraft industry to package the design. 


Vulnerable area considering a single enemy hit shall be as 


small" as» practicable. Strike fighter survivability, 
performance, and capability goals shall be equal in 
importance. 


D. NEW AIRCRAFT TECHNOLOGY 
Using technology that is readily available may be 

referred to as off-the-shelf technology. There may be many 
reasons to use off-the-shelf technology including low risk, 
cost, maintenance, and high reliability. However, to 
Significantly increase the survivability, performance, and 
capabilities of combat aircraft, new technology must be 
developed. Examples of emerging technology that may offer 
high payoffs for military aircraft are: 

(1) Signature reduction 

(2) supersonic cruise 

(3) active flutter suppression 

(4) self healing flight control systems 


(5) relaxed static margin 
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(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 


(16) 


thrust vectoring 

terrain flight management 

rough field capability 

advanced composites 

safe high speed crew escape 

advanced engines 

conformal carriage 

advanced airfoils 

variable camber 

surfaced launched air targeted air to air weapons 


advanced air to surface weapons 
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V. STRIKE FIGHTER CONCEPTUAL DESIGN 


The RFP has stated that performance, capability, and 
Survivability should all be equal goals during the concep- 
tual design. Many design parameter compromises will have to 
be studied as goals conflict in some areas. Utilization of 
new technology may aide the designer in overcoming some 


Gomelicts. 


A. GEOMETRY 

The strike fighter initial layout is shown in Figures 
B-leanades—-2, For the canard wing configuration, the wing 
aerodynamic center is behind the aircraft center of 
gravity, and thus the wing is stabilizing. Therefore, the 
canards function only for control and thus require less 
area. Volume coefficients of canards are 1/4 to 1/2 of 
conventional horizontal tails. The canards are located 
immediately aft of the cockpit to preclude any visual 
interference, and also aide in smooth changes of aircraft 
cross sectional area. 

The internal bomb bay is large enough to carry and 
launch the specified payload of four Skippers or two 
Harpoon missiles. Sidewinders are located on each wing tip, 
and blended into the wing as much as possible. The 20 mm 
gun is located in the port wing root, and is completely 


submerged. A thin radar reflective membrane covers the gun 
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cavity to reduce its contribution to the RCS. The membrane 
will be destroyed after the first round out of the gun. 

Top mounted engine intakes may aide in reducing the 
aircraft's RCS from depressed angles. The edges and 
interior of the intakes will be made of a radar absorbant 
material. Top mounted intakes will also reduce probability 
of foreign object damage due to loose objects on the 
ground. Auxiliary intake doors are included in the design 
to aide engine performance at high angle of attack. These 
doors will normally be closed, and will open automatically 
as the aircraft increases angle of attack. 

Aircraft wing loading (W/S) is a design parameter that 
has conflicting results. Low wing loading will generally 
increase turning performance particularly at low speed, 
while high wing loading will aide in fuel efficient cruise 
flight. Turning performance is affected by the coefficient 
rope Bl halide (C,) and aircraft thrust to weight (T/W) ratio. 
High aspect ratio (AR) wings will be more efficient at 
subsonic speeds, while a low AR will reduce drag at 
transonic and supersonic speeds. Low AR is also much 
Simpler to construct resulting in lower structural weight. 
Figures 5-3a andb are from Spearman [Ref. 6], and show 
fighter aircraft wing loading and thrust to weight trends. 
Figure 5-3b illustrates aircraft agility potential, which 
is the T/W divided by W/S. This shows that the higher W/S 


for cruise efficiency will decrease agility, but an 


66 


Agility 
Dies : O F-15 


SF. €O F-16 











max 
Wr 0. oO F-lll 
be ~— 
f 
0 20 40 60 #£=80 100 #%2120 140 = 160 
Wombat 
S 
Thrust-to-weight versus combat wing loading 
for U.S. and U.S.S.R. aircraft. 
Figure’ 5-3a 
SU-15 
F-111A FLLIF 
z i F-5E 
a MiG-21 Ir MIG- 23 
F-5A ane 
F-102 8) eit 
> F-26 Tc O ¥ SF. 
ly F-809 F-100| A] 6 
potential O O12 A 
aia 
160 
YW combat . 
S 80 
ID/ tt 
max 
rata 


1940 1950 1960 1970 1980 
Year 


Agility potential for U.S. and U.S.S.R. 
aircraft. 


Bicwie. 5-30 


67 


increase of T/W will recover the lost agility. The 
Fighter T(max)/W(t.o.) 


The Strike Fighter is included in Figures 5-3a 


comparison. 


Strike 
is 1.1 and the W(combat)/S is 60.6. 


and... b. .for 
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Area = §S 


AR 


Volume coeff. 
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Taper Ratio 


Mean t/c 


Vertical Tail Geometry 


Area = S 
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B. STRUCTURE 

The structure is designed to be damage tolerant to 
enemy damage mechanisms. Major structural components are 
redundant to prevent a single hit kill. The aircraft is 
designed with a wing that may utilize a straight through 
wing box. This will allow a lighter wing box that is also 
easier to construct. Ring frames may also be used near the 
engine to support the wing. 

The fuselage is designed with smooth changes of shape 
to reduce and redirect its contribution to the RCS. 
Continuous load paths in the fuselage will reduce 
structural weight. The blended wing body is designed to 
reduce supersonic drag and thus reduce fuel consumption. 
Secondary benefits from the blended wing body are: 

(1) thicker wing root for fuel or landing gear 

(2) reduced subsonic Cao 
(3) improved span efficiency 

(4) increased drag divergence Mach number 

The use of CONStruceren materials other than 
conventional aluminum will aide the designer in reducing 
the aircraft's weight and corrosion problems. 

Organic composites are increasingly being used to 
reduce aircraft weight. The F-18's structure is approx- 
imately 20% composite by weight. With 20% composites, the 
aircraft's structural weight is reduced by approximately 


10% below that of conventional aluminum. Maximum use of 
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composites may only increase to 60% because many aircraft 
structural components such as landing gear, engines, and 
engine mounts can not be constructed from composites. An 
aircraft constructed from 60% composites would reduce the 
structural weight by approximately 16%. This information is 
presented by Powers, Driggers, and King [Ref. 7]. All high 
weight payoff structures of the Strike Fighter are 
constructed of composites. This reduces the estimated 


structural weight by 10%. 


C. CREW STATION 

Because the Strike Fighter is a single pilot design, 
ballistic protection of the cockpit will be provided. The 
floor and lower sides of the cockpit are a two-plate 
composite armor that can defeat 23mm HEI projectiles. Two 
of the aircraft's four flight control computers are also 
protected by the same armor. From Remers [Ref. 8], it is 
estimated that the armor system weighs eight lbs/sq. ft. 

The life support system includes an on board oxygen 
generation system (OBOGS) combined with an on board inert 
gas generation system (OBIGGS). This system eliminates the 


need for vulnerable LOX converters. 


D. PROPULSION SYSTEM 
The Strike Fighter is a two engine design, and all 
propulsion subsystems are redundant. The engines are 


separated by a vertical shield to prevent cascading damage. 
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Two multiple shot fire extinguisher systems are located 
between the engine intakes. The engines are a "rubber" 
variation of the F 404 engine with afterburner. 


Specifications for the "rubber" engine are listed below. 


(1) Nominal Thrust ere” MBene 
(2) Static Airflow 163 lbm/sec 
(3) Engine Weight 1,990 lb 
(4) Engine Length 152 inches 
(5) Max Diameter 33 inches 
(6) Compressor Face Dia. 29 inches 
(7) Pressure Ratio 25 

(8) Two-D. Nozzle Length 30 inches 


The top mounted intakes are designed to minimize the 
aircraft's RCS from monostatic radars on the ground. The 
intakes are a two shock design which will provide 90% 
pressure recovery up to Mach 2.0. The auxiliary air intakes 
are designed to minimize thrust loss at high angles of 
attack during subsonic flight. 

Two dimensional exhaust nozzles are designed for thrust 
vectoring, IR and RCS signature reduction. Independent 
exhaust nozzle vectoring may increase turning performance 
and aircraft control redundancy. Vectoring may also reduce 
take off and landing distance. The extension of the exhaust 
system due to the nozzle addition may decrease propulsion 
System vulnerability from small IR guided missiles guiding 


on the hot tail pipe. 


GZ 


E. FUEL SYSTEM 

The fuel requirement of the Strike Fighter is 11,500 lbs 
or 1,692 gallons of JP-5. Fuel Tanks in the wings require 
270 cubic inches/gallon of jet fuel. If foam is used in the 
wing tanks to suppress fires and explosion in the ullage, 
3% fuel retention and 2% fuel displacement will cause an 
increase to 284 cubic inches/gallon required. Fuel tanks in 
the fuselage require 251 cubic inches/gallon. The Strike 
Fighter wings contain 5,000 lbs of fuel and the fuselage 
contains 6,500 lbs of fuel. The fuselage tanks are located 
in the aircraft so that there is no fuel tank and engine 
inlet interface. The fuselage tanks are also located away 
from any aircraft hot material, such as engines, to prevent 
a fire due to leaking fuel. The fuselage tanks are inerted 
by the on board inert gas generation system (OBIGGS) to 
reduce tank vulnerability to fires and explosions. Six 
separate fuel tanks (four in the wings and two in the 
fuselage) provide redundancy and reduce the possibility of 
kill due to fuel depletion. Each engine feeds from a 
separate fuselage sump that can gravity feed the engine if 
required. Both fuselage tanks are constructed of self 
sealing materials over the lower half to preserve get home 
fuel. Figures 5-4 and 5-5 indicate the fuel tank 
locations. 

Extra fuel tanks may be placed in the bomb bay in place 


of the Harpoon missiles. This will add 3,000 lbs of fuel 
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for ferry missions. Total fuel load for ferry is 14,500 


lbs. 


F. FLIGHT CONTROL SYSTEM 

A quadruplex fly by wire flight control system will 

independently manage the following control devices. 

(1) Leading and Trailing Edge High Lift Devices 

(2) Independent Canards 

(3) Rudders on Each Vertical Stabilizer 

(4) Vectoring Nozzles 
Artificial intelligence will be used in the flight control 
system to manage the various devices to account for damage 
to one or more of the the devices, i1.e., self healing. 
Routing of control wire bundles are separated in the Strike 
Fighter to prevent any single hit kills. 

Flight control hydraulic systems have been replaced by 
actuators that contain hydraulic fluid only for themselves. 
Electric actuators that do not require any fluid are also a 
possibility for the Strike Fighter. All actuators are 


redundant and designed to be jam resistant. 


G. AVIONICS AND COUNTERMEASURES 

The Strike Fighter avionics and countermeasures 
equipment are all internal to the aircraft. Electronic 
countermeasures (ECM) equipment that is matched to the 
aircraft must have sufficient volume reserved oho ban ete} 
conceptual design. Aircraft signatures will have a direct 


impact upon the proper ECM equipment selected. ECM 
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equipment location may be critical to effective operation 
and must also be considered during conceptual design. Some 
aircraft equipment is extendable when required for use 
including the forward looking infrared receiver (FLIR) and 
laser target designator. Extending this equipment will 
increase the aircraft's RCS. Expendables may be launched 
from both the top and bottom of the aircraft fuselage 
depending upon aircraft altitude. An all weather radar is 
integrated into the low altitude attack navigation system. 
A standard avionics and weapons bus allows for quick change 
of electronic equipment to meet specific requirements. 
Increased electronic warfare equipment may be mounted in 


place of the weapons in the bomb bay. 


H. WEAPONS 

All weapons of the Strike Fighter, except the 
Sidewinders, are internal. The aircraft is sized to carry 
either Skipper or Harpoon. Folding fins on the internal 
weapons allow for compact carriage in the bomb bay. 
Sidewinder fins are also folded during carriage to reduce 
Piet scOneErtbutlon £o the aircraft's RCS. The high accuracy 
of these weapons allow a minimum weapons load to obtain a 
high MAM. The reduced payload will allow survivability 
enhancement without severe aircraft performance penalties. 
The extended delivery range of these weapons may allow the 
aircraft to never enter the enemy's antiaircraft weapons 
envelopes, which will increase aircraft survivability and 
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VI. COMBAT ERECT IVEANES. 


A. GENERAL 

Effectiveness ranking of combat aircraft is very 
@ifficult. Aircraft have different capabilities for each 
mission they perform. Some "popular" capabilities concern- 
ing aircraft effectiveness are maximum speed, payload, 
range, turn rate, target detection range, weapon accuracy, 
and weapon launch range. Note the absence of survivability 
in these "popular" measures. However, any valid study of 
combat aircraft effectiveness must include survivability in 
the evaluation. 

Multi-mission aircraft such as the Strike Fighter pay 
penalties to be able to perform more than one mission. 
Performance penalties from vulnerability and/or suscepti- 
bility reduction should normally be avoided, however a 
decline in aircraft performance may be justified if there 


is an, increase an effectivenesar Of sememorrerartc, 


B. MAXIMUM SPEED 

Increasing the speed of early combat aircraft was 
important as faster aircraft were often better in combat. 
Maximum speeds of WWI aircraft averaged approximately 120 
kts. Faster aircraft could always attack slower aircraft 
and also safely disengage when the situation dictated. An 


aircraft that was 25 kts faster than the average had a 
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Significant advantage. The 145 kt aircraft was 21% faster 
than the average. 

WWII propeller driven aircraft maximum speeds were 
approximately S60 kts. “The introduction”of the”gas turbine 
powered Me 262 launched a new era in aircraft and maximum 
speed. The maximum speed of the Me 262 was 470 kts at 
20,000 ft. Although the Me 262 had some design problems, 
its performance advantage was recognized by all. [Ref. 9] 

The maximum speed of the aircraft of the Korean 
conflict was near Mach 0.9. Best cruise speed for these 
aircraft was from Mach 0.8 to 0.9. Because the maximum 
speed and cruise speed were close, they flew near their 
maximum speed all of the time. Afterburners for extra 
thrust and speed were developed soon after the jet engine, 
bute Operational Korean conflict fighters did not have them. 

Intuitively, more speed for a combat aircraft would 
Mane a better aircraft. Vietnam conflict aircraft had 
maximum speeds in the Mach 2.2 area. More than 100,000 
sorties of Mach 2.2 capable aircraft were flown during the 
Vietnam conflict. [Ref.10] However, as Figure 6-la shows, 
the capability of high Mach was not used in the combat 
arena. Figure 6-lb shows the reason that high Mach numbers 
are not used in combat. The maximum turn rates and minimum 
teem “sagius for “today™s aircraft (major parameters for 
Gleseume cGomeauy takes place Gm the “Mach 0.7 range. 


Cornering speed, the speed of maximum turn rate, isa 
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V/IEINAM COMBAT SPEEDS 


@ NOT ONE SECOND OF FLIGHT COMBAT TIME AT MACH 2.2 SPEED 
(OR ABOVE) WAS RECORDED. 

@ NOT ONE SECOND OF FLIGHT COMBAT TIME AT MACH 2.0 SPEED 
(OR ABOVE) WAS RECORDED. 

@ NOT ONE SECOND OF FLIGHT COMBAT TIME AT MACH 1.8 SPEED 
(OR ABOVE) WAS RECORDED. 

@ ALMOST NO TIME AT 1.6 MACH (OR ABOVE) WAS RECORDED 
(SECONDS). 

@ EXTREMELY LITTLE FLIGHT TIME AT 1.4 MACH (OR ABOVE) 
WAS RECORDED (MINUTES). 

@ REMARKABLY LITTLE TIME AT 1.2 MACH (OR ABOVE) WAS 
FLOWN (HOURS). 


F-5E TURN FERFORMANCE-/5,000 FEET 
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Figures 6-la & 6-lb 
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function of maximum lift and maximum load factors. While 
the capability of high Mach may be used to intercept and/or 
disengage the enemy, cornering speeds are where air to air 
combat will take place. The high thrust to weight ratio 
that allowed Mach 2.2 was actually used by the pilot to 
increase turning performance. 

The Strike Fighter performing an air to ground attack 
may use speed differently than during the fighter mission. 
The aircraft attempts to fly as low and as fast as possible 
to hide from radar and other detection systems. Maximum 
speed may reduce the exposure time to enemy weapons. 
However, strike aircraft normally operate at low altitudes 
to take advantage of terrain masking, and flying both 
extremely fast at low altitude may be difficult to safely 
accomplish. Furthermore, the properties of the atmosphere 
make high speed flight at low altitude very fuel costly. 
Maximum speed is a function of dynamic pressure (q). 


q= .5 * density * vie 


Figure 6-2 shows a constant dynamic pressure of 1700 PSF. 
At sea level, 1700 PSF equates to Mach 1.07 or 708 kts TAS, 
where as 1700 PSF at 40,000 ft equates to Mach 2.50 which 
is equal to 1,434 kts TAS. 

Figure 6-3 shows a corridor for a low level strike. 


Flight speeds above Mach 1.0 may have a buffet problem due 
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to compressibility, especially if the aircraft must be fuel 
efficient at subsonic speeds. Buffet at low altitude is 
very fatiguing on the crew however, it can be _ safely 
maintained for short periods of time. This effect may be 
reduced by use of digital fly-by-wire control systems. 
However, at too high a ground speed, the aircraft can not 
follow the terrain without excessive acceleration on the 
aircraft. 

Another approach is to fly very high and very fast with 
a small RCS to delay detection and reduce enemy reaction 
time. Precision guided weapons would be used to maintain a 


high MAM. 


C. PAYLOAD RANGE 

Aircraft payload range is another very important 
performance parameter. Payload range is the product of 
weapons payload and range in nautical miles. Aircraft 
mission profile must be constant when comparing different 
aircraft. For aircraft carriers, high payload range means 
that the carrier may launch attack aircraft further away 
from hostile territory. High payload range for fighters 
also allows intercept further from the carrier (outside 
hostile weapons launch range). 

Figure 6-4 shows the flexibility that high payload 
range will give an aircraft. For short range missions, the 
aircraft may reduce fuel load and increase weapons payload. 


For long range missions, weapons payload will be reduced 
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for increased fuel. Drag is not a factor for the Strike 
Fighter when considering weapons loads up to 4000 Ilbs. 
Weapons loads over 4000 lbs have to be externally carried, 
which will increase drag and aircraft RCS. Aircraft A of 
Figure 6-4 is similar in size to the Strike Fighter, 
however all weapons and extra fuel are mounted externally. 
Aircraft A's advantage may be short range fighter missions 
where the external fuel tanks and weapons racks may be 


dropped off the aircraft. 


D. WEAPONS EFFECTIVENESS 

Also important IES combat effectiveness is the 
effectiveness of the weapons that the aircraft will employ. 
High technology weapons which are higher in lethality will 
allow a lower payload for a specified MAM. However, high 
technology weapons may be ineffective when higher technol- 
ogy countermeasures are used. For example, low technology 
Weapons, such as the gun, must be considered for the 
fighter, the "dumb" iron bomb capability must be considered 
for the attack aircraft. 

The product of explosive payload and aircraft range for 
a specific aircraft profile may give a relative estimate of 
effectiveness. However, weapons type and delivery range 
also affects the aircraft capability. A weapons adjustment 
factor may aide in evaluation of the aircraft design. 
Possible adjustments for air to ground weapons are: 


(1) Mk 80 series One 
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(2) Cluster Weapons OMS 
(3) Short Range Guided i): om 
(4) Long Range Self Guided 2P2 


Air to air weapons adjustment factors may be: 


(1) Gun Oe 
(2) Short Range Radar Guided aly ab 
(3) “Short Range IR Guided Loge 
(4) Medium Range Radar Guided nec 
(5) Long Range Self Guided 282 


The payload range of the Strike Fighter is shown with 
different air to ground weapons and is based upon these 


adjustment factors. 


(1) Two Harpoon 2,200,000 nm-lb explosive 
(2) FeverSkppper 2,200,000 nm-lb explosive 
(3) Four @k 83 1,400,000 nm-lb explosive 


&. @eeStUee OF MISSION SUCCESS 

The MOMS which is discussed in chapter two, uses both 
probability of aircraft survival and the mission attainment 
measure to evaluate the aircraft effectiveness. Figure 2-3 
shows the maximum MOMS is approximately 0.72 for the SAM 
encounter. Because the MOMS is relatively flat near the 
maximum value of 0.72, a slight reduction of the MOMS which 
will slightly decrease the MAM and increase the P. may mean 
a great deal to force levels over an extended conflict. 
Figure 1-1 shows that a small variation in the loss rate 


over a 30 day conflict may significantly change the force 


remaining. 
aw. 


Strike Fighter MOMS are dependent upon mission and 
weapons carried. The design decisions in this study were 
made by evaluating the MOMS using the Skipper against a SAM 
site, and extensive vulnerability reduction design concepts 
are incorporated into the Strike Fighter to increase P_- 
With the MAM increased by precision guided weapons, the 
MOMS is increased. Long range weapons delivery will also 
increase the MOMS by increasing P_- A weapons payload that 
is destructive and also keeps the aircraft outside enemy 
threat envelopes is effective. These high technology 
weapons allow a lighter payload and can maintain a high MAM 


without increasing the aircraft's susceptibility. 


F. VULNERABILITY AND SUSCEPTIBILITY ASSESSMENT 

The effectiveness study of combat aircraft must include 
vulnerability, susceptibility, and survivability assess- 
ment. Because no aircraft can have zero susceptibility, 
vulnerability reduction may be critical to the aircraft's 
survival. The Strike Fighter is designed to have a "small" 
vulnerable area. Many of the design decisions that reduced 
the vulnerable area had no adverse effect upon aircraft 
performance because this reduction was accomplished in the 
conceptual design stage. 

Vulnerability and susceptibility reduction may cause a 
penalty in increased weight and cost. The benefits of armor 
at the cost of decreased performance may be difficult to 


judge, but a pilot would certainly accept a 1% loss of 


8&8 


thrust for a 75% decrease of IR signature. A trade off 
study early in the design of the aircraft will indicate if 
the reduction features are worth the increase in financial 
cost. These survivability enhancement features may never be 
cost effective if the aircraft is never used in combat, but 
mmcre kilivor one 30 million dollar aircraft is avoided, 
the entire program cost may be recovered. 

Several computer programs can be used to assess 
survivability of the conceptual design aircraft. These 
computer programs require various levels of input data _ to 
provide aircraft probability of survival in a given 
scenario. Some of the inputs may be: 

(1) Hostile Defensive Weapons 
(2) Characteristics of the Hostile Weapons 
(3) Aircraft Mission Profile 


(4) Vulnerability of the Aircraft against each Hostile 
Weapon 


(5) Countermeasures 
(6) Evasive Action 
(7) Aircraft Signatures 
some of these programs are: [Ref.4] 
(1) TACOSeDz 
(2) SIMFIND2 
(3) TAC AVENGER 
(4) BVADP IT 
(5) Beol 


(6) DATAM 1 


(7)  COVART 
(8) SCAN 
(9) MECA 
(10) SAMS 
(11) MICE 
(12) VISAP 
The above assessment programs must start with a design 
so the the software can analyze it. However, the designer 
wants information from the survival analyst to determine 
appropriate design selection. Automated computer design may 
allow survivability assessment of various designs in a very 
short time. Trade-off studies of the output may aide in 
design decisions. Other factors that also affect design 
decisions are alrcrafkt Srelivabisity, maintainability, 
repairability, and life cycle costs. Trade-offs must take 
all of the desired aircraft qualities into account. A 
balance of trade-off studies must be used jepeptope ys cic 
establishing the design. The aircraft's performance, 
capability, survivability, and maintainability must all be 
considered while at the same time satisfying cost 
constraints. The most effective aircraft possible must 


always be the goal of the design team. 
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VII. SUMMARY AND RECOMMENDATIONS 


A. EPFECTS OF CONCEPTUAL DESIGN DECISIONS 
The conceptual design of a combat aircraft is a very 

complex process. The interaction of hundreds of design 
parameters affect the design aircraft. The goals of the 
alrcraft are also complex and there often must be some 
compromise. Some of the design goals may include: 

(1) Small Signatures 

(2) Large Payload 

(3) Long Range 

(4) High Speed 

(>) (P@eleetficient 

(6) Survivable 

(7) Inexpensive 

(8) Reliable 

(9) Easily Maintained 

The solution to some compromises may come through 

emerging technology. Technology such as: 

(1) Variable Sweep Wings 

(2) Advanced Composites 

(3) Advanced Engines 

(4) Variable Camber 

(5) Digital Fly-By-Wire 

(6) Artificial Intelligence 

(7) Long Range Weapons 


(8) Susceptibility Reduction 
Si 


(9) Vulnerability Reduction 
The proper application of the above aircraft technology 
must be considered during the conceptual design to obtain 
the maximum results. Retrofit of aircraft may not increase 
aircraft combat effectiveness up to that possible in 


conceptual design. 


B. SUSCEPTIBILITY REDUCTION 
Many of the conceptual design decisions will affect the 
probability of hit, or aircraft susceptibility. Reduced 
Susceptibility and increased aircraft performance seem to 
relate to each other, but susceptibility reduction is much 
more than just increased aircraft performance. The six 
susceptibility reduction concepts are repeated below. 
(1) Signature Reduction 
(2) Tactics 
(3) Noise Jammers and Deceivers 
(4) Threat Warning 
(5) Threat Suppression 
(6) Expendables 
Because of the survivability goals of Table I-l, and 
the interaction of the concepts, the above list of suscep- 
wWalloal Ila. reduction concepts has been reordered. The 
survivability goals one through three which are: 
(1) Delay detection as long as possible 
(2) If detected, avoid being fired at 


(3) If fired at, avoid being hit 


ss) 


The order may give a more effective aircraft if the 
conceptual design team works from the top down to satisfy 
the survivability goals. Table VII-1 lists susceptibility 
reduction design guidance. 

Susceptibility and vulnerability reduction along with 
aircraft capability, reliability, and maintainability will 
result in the aircraft's combat effectiveness. All of the 
"ilities" must be considered to obtain the most effective 


aircraft possible. 


Cc.  VUENERABELITY REDUCTION 
Reduction of the probability of aircraft kill given a 

hit on the aircraft is accomplished by application of the 
six vulnerability reduction concepts repeated below. 

(1) Component Redundancy with Separation 

(2) Component Location 

(3) Passive Damage Suppression 

(4) Active Damage Suppression 

(5) Component Shielding 

(6) Component Elimination 
These vulnerability reduction concepts may alde the 
designer in accomplishing goals four through six of Table 
I-l which are: 

(4) If hit, avoid weapon system kill 

(5)  Llieeit swavyoid alrerattekiil 

(6) If hit and not killed, can be easily repaired 
Table VII-2 lists possible aircraft kill modes and design 
guidance to reduce the probability of kill given a hit. 
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SUSCEPTIBILITY REDUCTION DESIGN GUIDANCE 


SIGNATURE REDUCTION 
RCS Reduction 


Visual signature 
reduction 


IR signature reduction 


TACIMCES 


NOISE JAMMERS AND 
DECEIVERS 


THREAT WARNING 


THREAT SUPPRESSION 


EXPENDABLES 


(a) 


(b) 
(Cc) 
(a) 
(b) 
(Cc) 
(d) 
(a) 
(b) 
(Cc) 
(a) 
(b) 
(Cc) 
(da) 
(e) 
(f) 


(g) 


(a) 


(a) 


(b) 


(a) 


Reflect signal away from 
receiver 


Absorption (RAM) /(RAS) 
Impedance loading 

Minimize aircraft size 
Smokeless engines 

Paint 

No canopy glint 

Mask hot parts 

Cool exhaust plume 

Decrease exhaust plume size 
High maximum speed 

Good agility 

Good handling qualities 
Good range 

Fuel efficient 

Effective weapons 

Minimize pilot workload 
Make provisions for internal 
electronic jammers and 
associated equipment 


Make provisions for internal 
threat warning devices 


Self protection missiles 
and/or guns 


Anti-radiation missiles 
Make provisions for internal 


chaff, flares, jammers, 
aerosols, etc. 
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VULNERABILITY REDUCTION DESIGN GUIDANCE 


PUEG SYSTEM 


Supply Depletion 


Fire and Explosion 


Hydraulic Ram 


PROPULSION SYSTEM 


Fuel and Foreign 
object ingestion 


Intake distortion 


LUDr wear 10n 
Starvation 


(a) 
(b) 


(c) 


(da) 
(a) 


(b) 
(Cc) 
(d) 


(e) 


(a) 
(b) 


(a) 
(b) 


(Cc) 


(a) 


(b) 
(a) 
(b) 
(Cc) 
(d) 


Minimize leakage 
Good fuel efficiency 
Redundant fuel tanks 
Redundant fuel feed 


No fuel tank/line and hot 
surface interface 


Ullage inerting or foam 
Void space inerting or foam 
Space fillers 

Extinguishing systems 
Antimisting fuel 

smooth fuel tank contours 


damage tolerant fuel tanks 


Redundant engines 


No fuel tank and engine intake 
interface 


Hydraulic ram tolerant engine 
intakes 


Hydraulic ram tolerant engine 
intakes 


Fail-Safe intake ramps 
Redundant systems 
Self-Sealing lines and tanks 
Ballistic resistant 


Location/Shielding 
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FLIGHT CONTROL SYSTEM 


Control Path 
Goncinul ey 


(a) 
(b) 
(Cc) 
(d) 


(e) 


Reduction of control (a) 


power loss and 
effects 


Control §surtace 
and hinges 


Hydraulic Fires 


CREW STATION 


STRUCTURAL 


(b) 
(Cc) 
(d) 
(e) 
(a) 
(b) 
(Cc) 
(d) 
(a) 
(b) 
(Cc) 
(a) 
(b) 
(Cc) 
(a) 
(b) 


(Cc) 


(d) 


Redundancy 
Location/Shielding 
Reduction in size 


Ballistic/temperature tolerant 
linkages 


Jam free design 

Leak suppression 

Ballistic resistant actuators 
Location of actuators 
Rip-Stop actuators 

Fail-safe position 
Reconfigurable control surfaces 
Damage tolerant 

Redundant load paths 
Fail-safe position 

Leak suppression 

Location 

Less flammable fluid 
Redundancy 

Shielding 

Location 

Redundancy 

Damage tolerant construction 


Fail-safe (multiple load paths 
and crack stoppers) 


Location (prevent secondary 
damage) 


EN) 


D. RECOMMENDATIONS 

Combat aircraft of tomorrow must be able to perform 
many missions. The complexity and cost of modern combat 
aircraft will not permit a large quantity to be produced. 
Production rates of new aircraft can not be rapidly 
increased during a crisis because of the supply of critical 
material. Furthermore, survivability modifications may not 
be possible after the start of hostilities due to the 
length of the conflict and the time necessary for modifica- 
tions. Survivability enhancement must be applied to our 
aircraft during the conceptual design process. 

Combat aircraft conceptual design has not included 
survivability enhancement in the past, because surviva- 
bility features were not included in previous aircraft. The 
strict historical basis for conceptual design can be made 
more flexible with computer aided design as a tool. 
Furthermore, allowances for survivability enhancement and 
unconventional design can fit into the computer aided 
conceptual design process. Application of susceptibility 
and vulnerability reduction concepts during conceptual 
design may Sliveaine icelel y cost very Titele, while 


Significantly increasing combat effectiveness. 
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